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PREFACE 

This i s  the  r e p o r t  of a s tudy conducted by t h e  Of f i ce  
of t he  Chief of Engi ieers ,  U. S. Army, a t  the reques t  of t he  
Nat ional  Aeronautics and Space Administration. 
t h i s  s tudy w a s  t o  analyze t h e  Apollo L o g i s t i c  suppor t  System Pay- 
loads tes t  f a c i l i t y  requirements;  t o  determine the c a p a b i l i t y  of 
e x i s t i n g  chambers t o  handle t h e  test  requirements;  and i f  modifi- 
ca t ions  were necessary t o  provide the  requi red  c a p a b i l i t y ,  t o  
determine the  f e a s i b i l i t y  of making such modif icat ions,  the es t i -  
mated c o s t  of modif icat ion and the  approximate t i m e  f o r  cons t ruc t ion  
of the modif icat ions.  , 

The purpose of  

This s tudy began on 1 J u l y  1964 and an in t e r im  r e p o r t  w a s  sub- 
mi t ted  on 5 October 1964. The in t e r im  repor t  was reviewed by NASA; 
comments and supplementary information was furn ished  t o  the  Off i c e  
of the Chief of Engineers. 

Included i n  t h i s  r e p o r t  are engineer ing f e a s i b i l i t y  analyses  
and concepts which have been developed f o r  meeting var ious  test 
f a c i l i t y  requirements. 
eva lua t ion  of chamber c a p a b i l i t i e s ,  and determinat ion of scope of 
chamber modif icat ions and c o s t  es t imates  contained i n  t h i s  repor t .  
Also included i s  a t abu la t ion  of t h e  c a p a b i l i t i e s  of e x i s t i n g  and 
proposed l a rge  chambers and a nuc lear  power test f a c i l i t y  which 
were considered t o  have p o t e n t i a l  c a p a b i l i t y  for meeting t h e  
requirements of the T e s t  Philosophy and Out l ine  T e s t  Program f o r  
A p o l l o  Logi s t i c  Support System Payloads. 

These analyses  and concepts were used i n  
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CHAPTER I 

INTRODUCTION 

The Off ice  of Manned Space F l i g h t ,  NASA, by letter dated 
26 June 1964, requested the Corps of Engineers t o  conduct a 
s tudy  t o  analyze the  var ious  chambers i n  t h i s  country wi th  
respec t  t o  t h e i r  c a p a b i l i t i e s  t o  f u l f i l l  t he  test f a c i l i t y  
requirements of the  Apollo Logis t i c  Support Sys t e m  (ALSS) 
Payloads. 
t o  determine which, i f  any, could handle the tes t  requirements, 
the  modif icat ions necessary t o  provide the  required c a p a b i l i t y ,  
t he  f e a s i b i l i t y  of making such modif icat ions,  the estimpted 
c o s t s  of modif icat ion and the  approximate t i m e  f o r  cons t ruc t ion  
of t h e  modif icat ions.  The scope of chamber modif icat ions and 
c o s t  estimates w e r e  t o  be developed i n  two phases: 
ments and c o s t s  t o  c a r r y  ou t  the  t e s t i n g  of major systems and 
(b) requirements and c o s t s  t o  c a r r y  out  the combined systems 
tes t ing 

The s tudy  e n t a i l e d  the  eva lua t ion  of e x i s t i n g  chambers 

(a) Require- 

The le t ter  of au tho r i za t ion  and the  work s ta tement  a r e  
contained i n  Appendix& The tes t  f a c i l i t y  requirements f o r  t he  
Apollo Log i s t i c  Support System Payloads are contained i n  the 
document "Test Philosophy and Out l ine  Test Program f o r  the  
Apollo Log i s t i c  Support System Payloads" dated May 1964. This 
document is contained in Appendix B toge ther  w i t h  changes i n  
equipment dimensions and ampl i f ica t ion  of requirements obtained 
a t  a meeting with NASA, Of f i ce  of Manned Space F l i g h t  on 
27 J u l y  1964 and subsequent there to .  
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This s tudy w a s  conducted by t h e  Advanced Technology Branch, 
Engineering Divis ion,  D i rec to ra t e  of M i l i t a r y  Construction, Of f i ce  
of the  Chief of Engineers. 

Data needed t o  eva lua te  t h e  c a p a b i l i t i e s  of Large Chambers 
and t h e  Nuclear Power T e s t  F a c i l i t y  were tabula ted  and are shown 
i n  Appendix'C and D. 

An evakuation was  made of t h e  engineer ing f e a s i b i l i t y  of the  
test requirements s t a t e d  i n  paragraph 8.3.1. "Vacuum T e s t  F a c i l i t i e s "  
and paragralih 9 "Combined Systems Testing", with t h e  exception of 
the dynamic ' tes ts  i n  paragraph 9 .2 .3 .  Provis ion  f o r  t h e  dynamic 
tests is n o t  requi red  i n  t h e  chamber. Concepts were developed as 
necessary t o  determine t h e  f e a s i b i l i t y  of t he  tes t  requirements 
and compat ib i l i ty  with o the r  tes t  requirements.  This included such 
items as t h e  t r eadmi l l  and s imulat ion of movement of t he  s o l a r  
s imula t ion  "sun". 
w e r e  used f o r  determining scope of chamber modif icat iqns and c o s t  
estimates.. I f ,  a f t e r  eva lua t ion  of the  test requirements,  an i t e m  
w a s  determined t o  be n e i t h e r  f e a s i b l e  nor compatible with o the r  
requirements,  a suggested a l t e r n a t i v e  w a s  developed and i s  included 
i n  t h e  r epor t .  

These concepts are included i n  Chapter I V  and 

After  determining t h e  f e a s i b i l i t y  and compat ib i l i ty  of tes t  
requirements,  an eva lua t ion  w a s  made of e x i s t i n g  chambers t o  de t e r -  
mine which had the  c a p a b i l i t y  t o  f u l f i l l  t he  test requirements. 
The a n a l y s i s  w a s  made on the  b a s i s  of determining modif icat ions 
necessary t o  make any p a r t i c u l a r  one chamber capable of handling 
t h e  test requirements. The tes t  requirements i n  paragraph 8 . 3 . 1  
"Vacuum T e s t  F a c i l i t i e s "  were considered f o r  provis ion  i n  a s i n g l e  
chamber f o r  Major Systems Testing. The add i t iona l  t es t  requi re -  
ments i n  paragraph 9 "Combined Systems Test ing" except f o r  t h e  
dynamic tests w e r e  considered f o r  i nc lus ion  i n  one chamber. The 
eva lua t ion  of chambers i s  covered i n  Chapter V. 

The scope of chamber modif icat ions and c o s t  estimates w e r e  
developed i n  two phases. The f i r s t  phase considers  the  requi re -  
ments and c o s t s  a s soc ia t ed  with the  t e s t i n g  of  major systems; 
t h e  second phase cons iders  requirements and c o s t s  assoc ia ted  with 
combined systems t e s t i n g .  Each phase includes the approximate 
t i m e  f o r  cons t ruc t ion  of t he  modif icat ions.  The chamber modifica- 
t i o n s  and c o s t  estimates are included i n  Chapter V I .  

Conclusions reached pe r t a in ing  t o  t h e  tes t  requirements are 
s t a t e d  i n  Chapter 11. 
are contained i n  Chapter 111. 

The conclusions based on the  overal-1 s tudy 
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CHAPTER I1 

ENGINEERING SUMMARY 

This chapter  summarizes t h e  r e s u l t s  of s t u d i e s  made t o  determine 
engineer ing f e a s i b i l i t y  of  meeting test  f a c i l i t y  requirements f o r  
both Major Systems Test ing and Combined Systems Testing, as s p e c i f i e d  
i n  t h e  T e s t  Philosophy. The chapter  a l s o  summarizes r e s u l t s  of an 
a n a l y s i s  of space s imulat ion chambers, both e x i s t i n g  and under con- 
s t r u c t i o n ,  t o  determine s u i t a b i l i t y  f o r  t e s t i n g  ALSS payloads. This 
ana lys i s  included development of concepts f o r  chamber modif icat ions 
t o  determine t h e  scope and c o s t  of such modif icat ions.  A summary 
of cu r ren t  information on chamber c h a r a c t e r i s t i c s  and ope ra t iona l  
s t a t u s  i s  presented i n  Appendix C and D. 

A. GENERAL 

The prime requirement of t h e  type of test f a c i l i t y  under consid- 
e r a t i o n  i s  t o  s imulate  t o  the  maximum degree environmental condi t ions 
as p resen t ly  known o r  pos tu l a t ed  which would be encountered on t h e  
lunar  su r face  by man and by the  equipment being t e s t ed .  
condi t ions cannot be dupl ica ted  a t  the  present  t i m e  i r r e s p e c t i v e  of 
the  c o s t  o r  the s i z e  of the  tes t  f a c i l i t y .  Those which are no t  
f e a s i b l e  t o  simulate i n  a l a r g e  tes t  f a c i l i t y  are: 

Some of these  

Sof t  x-rays and proton bombardment e f f e c t s  of s o l a r  events. 

Meteoroid impact and e j e c t a  e f f e c t s .  

The 1 /6  g r a v i t y  of t h e  moon. 

Thus, i n  t he  design of any f a c i l i t y  it i s  necessary t o  e l imina te  t h a t  
which i s  imprac t ica l  t o  accomplish and t o  compromise t h a t  which, 
although poss ib l e ,  is  no t  economical t o  dup l i ca t e  i n  i t s  pu res t  sense. 
A chamber, t he re fo re ,  w i l l  no t  possess  t h e  c h a r a c t e r i s t i c s  f o r  con- 
duct ing "perfect"  tests but  r a t h e r  must approach c lose ly  the  des i r ed  
c h a r a c t e r i s t i c s  v i t h i n  economic and p r a c t i c a l  l i m i t a t i o n s ,  The pro- 
blem then becomes one of a t tempting t o  eva lua te  d e s i r a b i l i t y  versus  
t h e  e s s e n t i a l i t y  of increased  test  c a p a b i l i t y  and i t s  worth t o  t h e  
a c t u a l  system development. 

B. TEST FACILITY REQUIREMENTS 

The t e s t  f a c i l i t y  requirements of t he  T e s t  Philosophy present  many 
i n t e r f a c e s  r e q u i r i n s  t r ade -o f f s  f o r  i n t e g r a t i o n  i n t o  a f a c i l i t y .  
f e a s i b i l i t y  of meeting these  tes t  requirements i s  summarized below. 

The 
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Radiat ion Heat Sink 

A space s i n k  temperature of lOO'K i s  a t t a i n a b l e  by means of 
l i q u i d  n i t rogen  panels ,  Any attempt t o  c l o s e r  approach t h e  a c t u a l  
4 O K  space temperature i s  no t  warranted due t o  t h e  i n f e a s i b i l i t y  of 
producing t h i s  temperature on a l a r g e  scale. Furthermore the 
t r a n s f e r  rate from a 300'K (80'F) source t o  a s i n k  approximating 
105'K i s  only about 1% percent  less than  t h e  t r a n s f e r  rate t o  a 
4 O K  sink. The percentage i s  even less f o r  a higher  temperature 
h e a t  source . 

Solar  Radiat ion 

Simulation of s o l a r  r a d i a t i o n  p resen t s  many complex f a c t o r s  re- 
qu i r ing  a n a l y s i s  of t he  q u a l i t i e s  which are des i r ed  and t h e  var ious  
t rade-of fs  which can be made consider ing f e a s i b i l i t y  and economy. 

I n  t h i s  s tudy var ious  systems of s o l a r  s imula t ion  w e r e  analyzed. 
These included a top "sun", top and s i d e  "sun",  top,^ s i d e  and i n t e r -  
mediate "sun", f u l l  "sun" extending from lunar  p lane  level t o  over- 
head, and a moving "sun", 

I n  eva lua t ing  a t h r e e  p o s i t i o n  s o l a r  s imula t ion  system, c o s t  of 
t he  ind iv idua l  modules and assoc ia ted  i g n i t i o n  and cooling equip- 
m e n t  i s  a major f a c t o r  s i n c e  t h e  t h r e e  pos i t i ons  r e q u i r e  t h r e e  t i m e s  
as many modules as the  moving "sun" concept. A "top-and side-sun- 
only" arrangement does n o t  provide t h e  test f l e x i b i l i t y  poss ib l e  with 
e i t h e r  a "moving sun" o r  t he  t h r e e  p o s i t i o n  "sun". I n  t h e  use  of a 
s i n g l e  a r r a y  of lamps extending from t h e  s i d e  sun p o s i t i o n  t o  t h e  
top sun p o s i t i o n ,  a s i d e  from t h e  a d d i t i o n a l  c o s t  of lamp modules and 
associat 'ed equipment, a complex system f o r  varying lamp o r i e n t a t i o n  
would be requi red  t o  form a proper beam having any des i r ed  azirrmth. 
Such a systemwould no t  obv ia t e  the  n e c e s s i t y  f o r  a t u r n t a b l e  o r  
o t h e r  means of o r i e n t a t i o n  of t he  t es t  ob jec t ,  Hence, such a con- 
cep t  w a s  n o t  developed i n  d e t a i l  f o r  f u r t h e r  study, 

A concept f o r  a moving sun has  been developed although real- 
i z a t i o n  of such a concept w i l l  r e q u i r e  f u r t h e r  design development 
p r i o r  t o  i n i t i a t i o n  of design f o r  construct ion.  Although a moving 
sun i s  f e a s i b l e ,  movement of t h e  s o l a r  s imulat ing source i s  only 
a t t a i n a b l e  with some s a c r i f i c e  i n  r e l i a b i l i t y ,  economy of oper- 
a t i o n  and ease of maintenance, and poss ib ly  some s a c r i f i c e  i n  
accuracy i n  beam d i r e c t i o n  and col l imat ion.  Design f e a t u r e s  re- 
qu i r ing  f u r t h e r  development include: 

Means of d i s t r i b u t i n g  electric power, con t ro l  c i r c u i t r y ,  
and coolan t  l i n e s  i n  a f l e x i b l e  l i n k  t o  t h e  movable array.  

Means of d r iv ing  t h e  array.  

Means of providing r i g i d i t y  of t h e  lamp a r r ays  wi th in  
space l imi t a t ions .  

4 



I n  the  moving sun concept presented on drawing VI-6 '  t h e  a r r a y  
i s  mounted i n  a gimbal r i n g ,  This p e r m i t s  v a r i a t i o n  i n  the  beam 
angle  i n  t h e  plane of t he  a rch  support  frame and a l s o  t r ansve r se  
t o  t h e  a rch  frame without  t h e  necess i ty  of mounting t h e  tes t  spec- 
imen on a turn tab le .  

The moving sun concept i s  l imi t ed  t o  use of t he  Xenon lamp and 
supporting o p t i c s ,  and t o  t h e  spectrum produced thereby. For f i x e d  
pos i t i on ,  e i t h e r  carbon a r c ,  o r  mercury-xenon lamps could be used. 

A moving sun capable of both ho r i zon ta l  and vertical  azimuth 
o r i e n t a t i o n  i s  p re fe r r ed  over a system which would employ a v e r t i c a l  
azimuth sun and a t u r n t a b l e  system, and t h e  l a t te r  system i s  pre- 
f e r r e d  t o  o the r  methods which would r e q u i r e  r e o r i e n t a t i o n  and re- 
pos i t ion ing  of the  tes t  objec t .  

Ear th  Shine 

Earth sh ine  may be provided by adding small tungs ten ' f i lament  
lamps i n  t h e  bas i c  lamp modules. The energy requi red  t o  simulate 
e a r t h  sh ine  i s  very s m a l l  when compared t o  t h a t  needed t o  simulate 
s o l a r  r ad ia t ion .  

In f r a red  

Extension of t he  20 f o o t  diameter spot  of "spec t ra l  qua l i t y"  
simulated s o l a r  r a d i a t i o n  t o  an a rea  of 20 by 49 f e e t  by an " infra-  
red" o r  thermal beam, i s  f e a s i b l e  by using tungsten lams. 
Tungsten lamps without f i l t r a t i o n  w i l l  provide i l l umina t ion  as 
w e l l  as the  des i red  thermal e f f e c t s  and are the re fo re  more real- 
i s t i c  than i n f r a r e d  r a d i a t i o n  alone. 

Vehicle Exercise  System 

Many v a r i a t i o n s  of v e h i c l e  exe rc i se  systems w e r e  considered. 
The more d e s i r a b l e  system is  one which would provide a c t u a l  v e h i c l e  
movement beyond merely s h o r t  forward, backward, o r  l imi t ed  turning 
motions. This would r e q u i r e  a s u f f i c i e n t l y  l a r g e  chamber t o  pe rmi t  
d r iv ing  the  v e h i c l e  around i n  a c i r c l e .  

A t r eadmi l l  i s  l imi t ed  i n  i t s  a b i l i t y  t o  accomplish v e h i c l e  
exe rc i se  i n  t h a t  p rovis ion  cannot b e  made f o r  v e h i c l e  turning,  
including v e r t i c a l  and lateral  wheel a r t i c u l a t i o n .  I n  add i t ion ,  
i t  i s  not  considered reasonable  t o  incorpora te  a t r eadmi l l ,  of the 
s i z e  requi red  f o r  t he  Lunar Roving Vehicle (LRV), i n  a vacuum 
chamber. This i s  due t o  t h e  problems assoc ia ted  with be l t i ng ,  
d r ives ,  
t h e  chamber, and sea l ing  f o r  opera t ion  i n  vacuum. 

h e a t  d i s s i p a t i o n  of d r ive  equipment loca ted  wi th in  

A wheel d r i v e  system o r  chass i s  dynamometer has g r e a t e r  capa- 
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b i l i t y  t o  simulate t r a v e r s e  over rough terrain, 
wheel d r i v e  system has the  disadvantage of present ing  an improper 
f o o t p r i n t ,  but  it does have t h e  advantage of d r i v e  motion imparted 
t o  o r  from the  wheel thus t e s t i n g  t h e  wheel i n  conjunction with the  
axle ,  and suspension sys tem. 

An indiv idua l  

The a x l e  dynamometer r ep resen t s  t h e  simplest system, Its major 
disadvantages are t h e  l ack  of a c t u a l  v e h i c l e  exe rc i se ,  the  loss of 
thermal conduct iv i ty  between the wheel and t h e  sur face ,  and t h e  
absence of t r a c t i v e  fo rces  between the  wheel and the  sur face ,  

Any t e s t i n g  program f o r  the LRV must eventual ly  include ex- 
haus t ive  t e s t i n g  of components of the  f u l l  LRV under atmospheric 
conditions.  Tests of components., i nd iv idua l ly  and i n  combination, 
must a l s o  be performed i n  chambers adequate t o  accommodate the  test 
items and t o  simulate lunar  condi t ions i n  varying degree, Having 
performed these  tests, including model tests, e i t h e r  a wheel d r i v e  
system o r  a x l e  dynamometer system could then be u t i l i z g d  i n  a l a rge  
chamber f o r  f i n a l  t e s t ing ,  I n  view of t hese  cons idera t ions  the  a x l e  
dynamometer system is  favored due t o  i t s  s impl i c i ty ,  

Lunar S o i l  Simulant 

The incorpora t ion  of a lunar  s o i l  simulant i n  a chamber would 
provide a d e s i r a b l e  t r a f f i c a b i l i t y  test su r face  and r e a l i s t i c  
thermal and v i s u a l  condi t ions.  
e l imina tes  ex tens ive  t r a f f i c a b i l i t y  s tud ie s ,  thereby reducing the  
need f o r  t h i s  type of su r face  simulation. Because of the  magnitude 
of the  problems a s soc ia t ed  with t h i s  large mass of s o i l  simulant i n  
a t e s t  chamber o the r  methods of obtaining the  requi red  test condi t ions 
were examined. It i s  considered more f e a s i b l e  t o  provide a r i g i d  
su r face  with thermal c h a r a c t e r i s t i c s  approaching those of a s o i l  
simulant,  and t o  conduct t r a f f i c a b i l i t y  tests under con t ro l l ed  o r  
s e l ec t ed  atmospheric condi t ions with t e s t  veh ic l e s  s p e c i f i c a l l y  de- 
signed and sca led  f o r  the  p a r t i c u l a r  test environment. Reinforcing 
t h i s  approach i s  t h e  f a c t  t h a t  reduced g r a v i t y  f o r  v e h i c l e  t e s t i n g  
can be n e i t h e r  reproduced i n s i d e  nor ou t s ide  of the chamber, and 
t e s t  ob jec t ives  would have t o  be ad jus ted  i n  e i t h e r  environment. 
Hence, it is  concluded t h a t  a lunar  s o i l  simulant i s  no t  needed i n  
t h e  test f a c i l i t y  based on cu r ren t  requirements e s t ab l i shed  f o r  
the ALSS Payloads test program, 

A p r a c t i c a l  chamber s i z e  e s s e n t i a l l y  

Thermal Simulation of Lunar Surface, 

I f  a s o i l  simulant i s  no t  provided, t he  sur face  o f - t h e  lunar  
plane should be t r e a t e d  t o  ob ta in  the  proper abso rp t iv i ty ,  emiss iv i ty  
and the  r e s u l t a n t  a/e r a t i o .  
lunar  plane sub-surface can be p a r t i a l l y  simulated by design and 
s e l e c t i o n  of materials t o  ob ta in  some degree of pass ive  thermal 
cont ro l ,  However, a u x i l i a r y  hea t ing  and cooling of the  f l o o r  w i l l  

Spec i f i c  hea t  and conduct ivi ty  of t he  
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be necessary t o  simulate lunar  sur face  temperatures during both 
day and night .  

Thermal Loads 

The T e s t  Philosophy requirement f o r  a lOKW h e a t  s i n k  capac i ty  
i s  overshadowed by o t h e r  demands which may t o t a l  1400 KW o r  more. 
Therefore,  this test i t e m  requirement i s  i n s i g n i f i c a n t  i n  t h e  
o v e r a l l  h e a t  s i n k  load. 

Vacuum Pumping 

A vacuum of t o r r  i s  real is t ic  and a t t a i n a b l e  i n  a l a r g e  
chamber when n o t  subjec ted  t o  s i g n i f i c a n t  outgassing loads. 

Calculat ions i n d i c a t e  t h a t  t h e  vacuum requirement of LOo5 t o r r  
wi th  tests i n  progress  w i l l  c r e a t e  some d i f f i c u l t y  because of a n t i -  
c ipa ted  oxygen and hydrogen leakage and outgassing. Other sources 
of leakage and outgassing can be accommodated provided caye i s  ex- 
e r c i s e d  i n  t h e  design and materials s e l e c t i o n  f o r  tes t  items. I f  
it i s  no t  f e a s i b l e  t o  provide helium cryopanels o r  add i t iona l  
d i f f u s i o n  pumping, it may be necessary t o  relax vacuum requirements 
from t o r r  t o  lom4 t o r r .  Paragraph 6 . 3  C r i t e r i a  f o r  Vacuum 
T e s t  F a c i l i t i e s  
t e s t i n g  a t  loeLd t o r r  on component t e s t ing .  
vacuum cons idera t ions  assoc ia ted  with thermal and mechanical ade- 
quacy of t he  tes t  i t e m  i n  t h e  proposed chambers, 
t h a t  these  l a t te r  two f e a t u r e s  can be adequately evaluated a t  a 
pressure  of 10-4 t o r r ,  

COMPONENT TESTING, makes provis ion  f o r  materials 
This leaves only those 

It i s  considered 

100 Operations of Two-Man A i r  Lock 

From t h e  s tandpoin t  of ruggedness, t he re  should be no problem 
as soc ia t ed  with 100 opera t ions  of two-man a i r l o c k  doors. There a l s o  
should be no problem as soc ia t ed  with the  mechanical pumping f o r  t h i s  
type of opera t ion  on a - r e p e a t e d  bas is .  

Two Weeks Operation 

% s t  of t h e  chambers under cons ide ra t ioc  are r a t e d  f o r  opera t ion  
i n  excess of two weeks, 
is  t h e  accumulation of excessive condensate on helium cryopanels 
where sus ta ined  outflow of leakage occurs,  e,g, oxygen outgassing,  
thus n e c e s s i t a t i n g  a d d i t i o n a l  cryopanel area t o  provide f o r  reduced 
cryopumping e f f i c i ency  due t o  t h e  condensate buildup, 

One d i f f i c u l t y  which may be encountered he re  

View Fac tor  

Thermal balance i n  space equipment i s  l a r g e l y  dependent upon t h e  
r a d i a t i o n  of i t s  excess hea t  t o  deep space, An i ten of equipment 
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on the. lunar  su r face  can r a d i a t e  t o  4’K space f o r  a near f u l l  hemi- 
sphere providing i t s  v i e w  is n o t  obs t ruc ted  by o t h e r  equipment 
placed i n  c l o s e  proximity t o  it. Simulation of t h i s  view f a c t o r  i n  
a chamber is achieved only t o  t h e  degree- to. which the view of t h e  
h e a t  s i n k  panels  remains unobstructed.  
with respect t o  t h e  lunar  plane. Therefore,  t h e  l a r g e r  t h e  chamber, 
t he  g r e a t e r  t h e  p o s s i b i l i t y  of providing t h e  test ob jec t  with a 
b e t t e r  view of t h e  heat s i n k  and lunar  p lane  r e s u l t i n g  i n  more real- 
i s t i c  simulation. 
area i s  p re fe rab le  t o  a series of f ixed  banks o f  s o l a r  modules. 

A similar s i t u a t i o n  exists 

I n  t h i s  r e s p e c t  a moving sun covering a smaller 

Working Envelope 

Tiire working envelope includes t h e  volume occupied by test equip- 
ment, instrumentat ion and a s t ronau t s ,  and t h e  proper spacing from 
test  o b j e c t s  t o  chamber sur faces .  The Test  Philosophy s p e c i f i e s  5 
f e e t  between chamber su r faces  and t h e  tes t  objec t .  However, o the r  
cons idera t ions  such as t h e  moving sun may n e c e s s i t a t e  9” increase  
i n  s i z e  over t-he requirements s t a t e d  above. The l a r g e  area occupied 
by t h e  s o l a r  and i n f r a r e d  panel w i l l  r e q u i r e  spacing up t o  40 f e e t  
from the  test ob jec t  t o  aerlnit  r a d i a n t  cool ing of  t he  heated tes t  
objec t .  Also  c lose  proximity t o  the  l i q u i d  n i t rogen  cooled w a l l s  
would preclude s imulat ion of a view of t h e  lunar  plane. 
envelope must a l s o  make provis ion  f o r  Major and Combined Systems 
Test ing;  however, i n  t he  former ins tance  t h e  LEM azld LRV w i l l  n o t  
be t e s t e d  i n  tandem. I n  no ins tance  i s  it considered necessary t o  
provide t h e  space requi red  f o r  a tandem concarrent  arrangement of 
t h e  LEM Truck, LRV and veh ic l e  exe rc i se  system. 
above cons idera t ions  t h e  minimum diameter of the working envelope 
requi red  f o r  Combined Systems Test ing i s  110 f e e t .  This i s  based 
on provis ion  of f e a t u r e s  such as thermal panels  t o  inprove the view 
fac to r .  

The working 

Based 722 t h e  

Manrating 

The cr i ter ia  f o r  manrating of Space Environment Simulation Chamber 
A has been s e l e c t e d  as a standard of c r i t e r i a  f o r  manrating i n  t h i s  
study. 
l a t i o n  of a complete system of emergency r ep res su r i za t ion ,  environ- 
mental con t ro l s ,  manlock, instrumentat ion and o the r  f e a t u r e s  requi red  
f o r  human occupancy. 

The manrating of any o the r  f a c i l i t y  w i l l  r e q u i r e  t h e  i n s t a l -  

Equipment A i r  lock 

The T e s t  Philosophy contains  the  requirement f o r  an equipment 
a i r l o c k  f o r  Major Systems Test ing t o  accommodate the  l a r g e s t  payload 
system; f o r  Combiwd Systems Testing e i t h e r  an a i r l o c k  o r  o t h e r  
opening i s  requi red  t o  accommodate a loaded LEM Truck. 
and width of the  a i r l o c k  i s  determined by t h s  dimensions of t he  LSM 
Truck Payload and t h e  he ight  i s  determined by t h e  LRV s ince  only one 

The length  
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module of t h e  LRV need be considered f o r  s i z i n g  t h e  a i r lock .  An 
equipment a i r l o c k  w i l l  s e rve  t o  provide a means of en t ry  of equip- 
ment t o  the  chamber w i t h m t  t h e  necess i ty  f o r  r e p r e s s u r i z a t i o n  of 
the  chamber. It also can se rve  as a less s o p h i s t i c a t e d  tes t  chamber 
o r  t o  provide supplemental space t o  t h e  main chamber. The p rov i s ioa  
of an a i r l o c k  f o r  e n t r y  of small a u x i l i a r y  equipment i n t o  t h e  chamber 
i s  des i r ab le ;  however, an a i r l o c k  s i zed  f o r  en t ry  of l a r g e  equipment 
such as a LEM Truck Payload o r  LRV i n t o  t h e  chamber seem questionable.  
The se tup  of such equipment r equ i r e s  extended per iods of t i m e  and 
t h e  connection of many instrumentat ion i t e m s  which could b e t t e r  be 
performed under atmospheric condi t ions,  The eva lua t ion  of chambers 
and lnoclifications, however, have been based on the  provis ion  of an 
a i r l o c k  s i zed  f o r  t he  l a r g e s t  payload in  accordance wi th  the  T e s t  
Phi  1 o s o p hy . 
C. SPACE SIMULATION CHAMBERS 

The review of e x i s t i n g  chambers and those  under cons t ruc t ion ,  
i nd ica t e s  t h a t  none of t h e  f a c i l i t i e s  i s  adequate i n  a l l  r e spec t s  
t o  m e e t  t h e  tes t  f a c i l i t y  requirements of t h e  T e s t  Philosophy. A 
summary of chamber c a p a b i l i t i e s  and f e a s i b l e  modif icat ions t o  these  

f a c i l i t i e s  i s  given below. 

Space Propulsion F a c i l i t y ,  NASA Lewis Research Center,  Plumbrook 
S t a t i o n ,  Ohio 

This f a c i l i t y  w a s  designed pr imar i ly  t o  tes t  nuclear  power systems. 
The chamber i s  constructed of a concrete  ou te r  s h e l l  wi th  a 100 f o o t  
diameter,  122 f o o t  high aluminum inner  s h e l l  which serves  as t h e  h e a t  
sink. Between t h e  concrete  and aluminum s h e l l s  t h e r e  i s  an annular 
space i n  which t h e  doors t o  the  inner  s h e l l  move and are s t o r e d  when 
t h e  doors are open, The l o c a t i o n  of d i f f u s i o n  p u q s  i n  the  chamber 
f l o o r  l i m i t s  t h e  usable  working sur face  f o r  placement of t he  t es t  
o b j e c t s  t o  an area 50 f e e t  by 100 f e e t ,  
t i o n  with completion scheduled f o r  e a r l y  1967, Although cons t ruc t ion  
has  been i n i t i a t e d  it i s  poss ib l e  t o  incorpora te  design changes i f  an 
e a r l y  dec is ion  i s  made t o  do soc 

The f a c i l i t y  i s  under construc- 

The design does not  now incorpora te  s o l a r  s imula t ion  but it is  

The s o l a r  modules contemplated w i l l  be usable  f o r  e i t h e r  
planned t h a t  i t  w i l l  be included and i n s t a l l a t i o n  w i l l  be completed 
i n  1967, 
a f ixed  top o r  s i d e  sun 500 square feet  i n  area and w i l l  be "canned" 
type s u i t a b l e  f o r  containment wi th in  the  r a d i a t i o n  sh ie ld .  
chamber does n o t  have provis ion  f o r  a t u r n t a b l e  f o r  test v e h i c l e  
o r i e n t a t i o n ,  
by 50 f e e t  are loca ted  d i ame t r i ca l ly  oppos i te  i n  t h e  s i d e s  of the  
chamber e 

The 

Two l a r g e  doors each with a nominal opening of 50 f e e t  

The 50 f o o t  by 100 f o o t  working su r face  i s  of s u f f i c i e n t  s i z e  t o  
m e e t  t h e  requirements of Major Systems Test ing and w i l l  permit a 
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deployment test of t h e  LEM Truck and t h e  LRV f o r  Combined Systems 
Testing. Howevzr, o t h e r  f a c t o r s  must be considered and without a 
moving sun, a tu rn tab le ,  o r  o t h e r  means of test v e h i c l e  o r i e n t -  
a t i o n ,  proper i r r a d i a t i o n  of t h e  tes t  veh ic l e s  cannot be achieved. 
A t u r n t a b l e  has been ru l ed  ou t  because of t he  s i z e  of t he  t u r n t a b l e  
t h a t  would be requi red  f o r  Combined Systems Test ing,  

A moving sun concept, including i n f r a r e d  panels ,  has  been devel- 
oped and i s  incorporated on t h e  drawings i n  Chapter V I  showing t h e  
modif icat ions requi red  t o  make t h i s  f a c i l i t y  s u i t a b l e  f o r  the  ALSS 
Payloads test program. Provis ion  of t h e  moving sun would r e q u i r e  
an inc rease  i n  chamber diarneter t o  allow room f o r  t h e  sun and suf -  
f i c i e n t  work space f o r  Combined Systems Testing. 

I n  a d d i t i o n  t o  the  space requi red  f o r  a moving siin, helium cryo- 
panels  must be added t o  handle t h e  increased gas load t o  maintain a 
vacuum of loe5 t o r r .  The f u l l  f l o o r  area i n  t h e  chamber i s  needed 
t o  provide t h e  minimum area i n  which tes t  o b j e c t s  can be placed and 
t o  provide a s a t i s f a c t o r y  view fac to r .  This would r e q u i r e  r e loca -  
t i o n  of t he  d i f f u s i o n  pumps from the  f l o o r  t o  t h e  w a l l s  and neces- 
s i ta tes  t h e i r  placement wi th in  t h e  annular s p c e ,  An i n t e r n a l  
chamber diameter of 110 f e e t  has  been found t o  be t h e  minimum f o r  
providing t h e  above needs, This would n e c e s s i t a t e  redes ign  of t he  
chamber s h e l l  and support ing f loo r .  To provide space i n  t h e  s ide -  
w a l l  annulus f o r  t h e  d i f f u s i o n  punps and necessary r e l o c a t i o n  of 
both chamber main door, t h e  annular space m u s t  be increased from 
the  present  15 f e e t  t o  20 f e e t .  It i s  considered t h a t  any f u r t h e r  
i nc rease  i n  chamber diameter would make modif icat ion of t h i s  
chamber both i n f e a s i b l e  and imprac t ica l  due t o  f u r t h e r  enlargement 
of t h e  concrete  dome. 

For Major Systems Test ing an  equipment a i r l o c k  i s  r equ i r ed  by 
the  T e s t  Philosophy. One of t h e  advantages of an a i r l o c k  i s  t h a t  
it could suppleaent  t h e  space capac i ty  of t h e  chamber and it w a s  
considered f o r  t h i s  purpose i n  t h e  Space Propuls ion F a c i l i t y ,  How- 
ever, a d d i t i o n  of such space ex te rna l  t o  t h e  main chamber diameter 
would n o t  r e s u l t  i n  a reduct ion  of the  proposed chamber diameter. 

An equipment a i r l o c k  attachment t o  t h e  Space Propuls ion F a c i l i t y  
p re sen t s  a complicated design problem, F i t t i n g  a f i x e d  a i r l o c k  to 
t h e  chamber would reduce t h e  s i z e  of t h e  chamber opening and would 
compromise t h e  r a d i a t i o n  sh ie ld ing  which is  provided by t h e  concrete  
door . 

It i s  necessary t o  consider  compat ib i l i ty  of t he  ALSS Payloads 
tes t  f a c i l i t y  requirements with t h e  nuc lear  t e s t i n g  c a p a b i l i t y  f o r  
which t h e  Space Propuls ion F a c i l i t y  was  designed, Materials f o r  
use i n  t h e  chamber must be compatible with t h e  nuc lear  t e s t i n g  re- 
quirements. 
passage of test o b j e c t s  i n t o  t h e  chamber has been included. 

A movable equipment a i r l o c k  of t h e  s i z e  requi red  f o r  
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An extension of t h e  bui ld ing  is  a l s o  shown on t h e  drawings i n  
Chapter V I  t o  provide space i n  t h e  assembly area t o  compensate f o r  
t h a t  occupied by t h e  equipment a i r l o c k  when t h e  a i r l o c k  i s  being 
u t i l i z e d .  
f o r  s to rage  of t he  equipment a i r l o c k  when no t  i n  use. 

A sepa ra t e  bui ld ing  add i t ion  i s  a l s o  requi red  t o  provide 

Manrating of t h e  Space Propuls ion F a c i l i t y  can be accomplished. 
However, manned occupancy of t h e  chamber and a i r l o c k  must await a 
per iod  of t i m e  following any nuc lear  t e s t i n g .  This t i m e  i s  depen- 
dent  upon t h e  r a t i n g  of t h e  nuc lear  device and may extend as long 
as 45 days. Chamber A i s  t h e  only l a r g e  f a c i l i t y  r a t e d  f o r  manned 
occupancy. The Space Propuls ion F a c i l i t y  could be s i m i l a r l y  
equipped i n  order  t o  meet t h e  ALSS Payloads tes t  f a c i l i t y  requi re -  
ments. The p rov i s ion  f o r  manrating r equ i r e s  a manlock, environ- 
mental con t ro l  system equipment and instrumentat ion,  a d d i t i o n  of 
space f o r  the  equipment and instrumentat ion,  and the  add i t ion  of 
a r e p r e s s u r i z a t i o n  system wi th  quick response. 

Addit ional  instrumentat ion w i l l  a l s o  be necessary f d r  t h e  t es t  
veh ic l e s ,  p a r t i c u l a r l y  the  LRV. 

The present  design of t h e  charnber provides f o r  cool ing of t h e  
working surface.  A means of hea t ing  toge ther  wi th  i t s  assoc ia ted  
con t ro l s ,  w i l l  a l s o  be required.  

The modif icat ions enumerated above are considered t o  be the  
minimum e s s e n t i a l  t o  m e e t  t h e  tes t  f a c i l i t y  requirements contained 
i n  t h e  T e s t  Philosophy, They have been predica ted  on the  use  of 
t h e  f a c i l i t y  as a dual purpose f a c i l i t y  incorpora t ing  t h e  ALSS 
Payloads requirements and s t i l l  r e t a i n i n g  t h e  nuclear  propuls ion 
t e s t i n g  capab i l i t y .  These modif icat ions would r e s u l t  i n  a major 
redes ign  of t h e  f a c i l i t y  and it  i s  est imated t h a t  it would take  
a per iod of s ix  months t o  accomplish t h e  redesign. I f  design i s  
i n i t i a t e d  i n  t h e  near  f u t u r e ,  incremental  design could be accom- 
p l i shed  f o r  some areas and furn ished  t o  t h e  cu r ren t  cons t ruc t ion  
con t r ac to r s  as completed, This redesign and t h e  cons t ruc t ion  
changes would r e s u l t  i n  a delay of about one year  i n  completion of 
t h e  pro jec t .  The c o s t  of modif icat ions,  including t h e  redesign 
and added cons t ruc t ion  c o s t s  is  est imated t o  be $26,623,000 f o r  
Major Systems Test ing and $24,298,000 f o r  Combined SysLerns Testing. 
Construct ion impact  c o s t s  are not included, 

One major cons idera t ion  i n  redesign,  and t h e  major pacing f a c t o r ,  
i s  t h e  provis ion  of a moving sun. It i s  not  reasonable  t o  expect 
t h a t  t h i s  system can be developed and designed wi th in  a six month 
per iod;  however, p rovis ion  can be made i n  t h e  bas i c  s t r u c t u r e  f o r  
i t s  f u t u r e  incorporat ion.  The moving sun concept should,  with 
design development, be f e a s i b l e ;  however, t h e r e  are complexities 
which should no t  be underestimated. The decontamination of t h e  
s t r u c t u r e  assoc ia ted  with t h e  moving sun w i l l  be a major f a c t o r  
i n  the  Space Propuls ion F a c i l i t y ,  
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Space Environment Simulation F a c i l i t y ,  Chamber A, NASA Manned 
Spacecraf t  Center, Houston, Texas 

This f a c i l i t y  w a s  designed &or spacec ra f t  t e s t i n g  and a s t ronau t  
t r a i n i n g  wi th in  a simulated space environment. 
under cons t ruc t ion  wi th  completion scheduled f o r  1965, contains  two 
chambers - Chamber A and Chamber B, Chamber B i s  t h e  smaller-35 f e e t  
i n  diameter-and because of i t s  s i z e  has been el iminated from f u r t h e r  
cons idera t ion  f o r  t h e  ALSS Payloads test  f a c i l i t y  requirements. 

The f a c i l i t y  p re sen t ly  

Chamber A i s  65 f e e t  i n  diameter and 117 f e e t  high, It w i l l  
conta in  a 45 f o o t  diameter r o t a t i n g  lunar  p lane  and s o l a r  s imula t ion  
cons i s t ing  of a s i d e  sun and top sun, The temperature of t h e  lunar  
plane i s  con t ro l l ed  t o  provide e i t h e r  a h o t  o r  a cold sur face ,  It 
i s  manrated, has a l i q u i d  n i t rogen  hea t  s ink  and helium cryopumping, 

Chamber A i s  of s u f f i c i e n t  s i z e  t o  accommodate t h e  ind iv idua l  
ALSS equipment items f o r  Major Systems Tes t ing ,  except f o r  an LRV 
46 f e e t  i n  length.  I f  t he  length of the  LRV w e r e  shortened t o  
approximately 43 f e e t ,  t he  chamber could accommodate t h e  vehic le .  
Chamber A i s  no t  of s u f f i c i e n t  s i z e  i n  which t o  conduct Combined 
Systems Test ing,  Addition of an equipment a i r l o c k ,  though providing 
add i t iona l  space,  w i l l  no t  permit the  v e h i c l e  maneuverabili ty de- 
s i r e d ,  s o l a r  i r r a d i a t i o n  of t h e  t es t  vehic les  o r  t he  requi red  view 
f a c t o r  a 

The s o l a r  s imulat ion system w i l l  no t  s imula te  movement of t he  
sun except f o r  sequent ia l  programming of modules i n  t h e  f i x e d  top 
and s i d e  suns. Arrangement of t h e  chamber does not  lend i t s e l f  t o  
i n s t a l l a t i o n  of a moving sun. However, t h e  s i d e  sun and t h e  top 
sun can be increased i n  s i z e  t o  p a r t i a l l y  m e e t  t h e  ALSS payload 
t e s t  requirements. It does have the  advantage of a r o t a t i n g  t a b l e  
f o r  o r i e n t a t i o n  of t he  t es t  i t e m  with r e spec t  t o  t h e  two sun pos i t i ons ,  

Inasmuch as Chamber A does n o t  have an a i r l o c k  f o r  v e h i c l e  access  
a concept w a s  developed f o r  incorporat ing t h i s  requirement of t he  Tes t  
Philosophy. Although such a modif icat ion i s  poss ib l e  i t s  incorpora- 
t i o n  i s  no t  recommended due t o  the complexity of such an add i t ion  
and the  l o s s  of u t i l i t y  and f l e x i b i l i t y  of t h e  f a c i l i t y ,  

Chamber A cannot f u l l y  m e e t  t h e  AZSS t e s t  f a c i l i t y  requirements, 
With a d d i t i o n a l  s o l a r  s imulat ion,  lunar  plane temperature con t ro l ,  
add i t ion  t o  the helium and n i t rogen  systems requi red  f o r  t he  ALSS 
equipmsnt gas loads,  and a dynamometer system, Chamber A could be 
u t i l i z e d  on an  "as-is" bas i s  f o r  Major Systems Testing, The c o s t  
of adding these  add i t iona l  systems i s  est imated t o  be $4,602,000. 
The t i m e  requi red  i s  est imated t o  be  two months f o r  design and a 
per iod o f f o u r  months f o r  i n s t a l l a t i o n  a f t e r  r e c e i p t  of procured 
equ ipmen t , 
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Other Chambers 

The s i z e  of t h e  working envelope i s  of prime importance i n  
evaluat ing the  s u i t a b i l i t y  of chambers f o r  t h e  ALSS test f a c i l i t y  
requirements, The Space Propulsion F a c i l i t y  i s  t h e  l a r g e s t  and t h e  
MSC Chamber A i s  t h e  second l a r g e s t  of those f a c i l i t i e s  of the  type 
requi red  f o r  t h e  ALSS Payloads test program. 
is  marginal f o r  Major Systems Test ing and t h e  Space Propulsion 
F a c i l i t y ,  though l a r g e r ,  would r equ i r e  an increase  i n  s i z e  f o r  
Combined Systems Testing. 
i n  s i z e  than e i t h e r  of these two, w i l l  not m e e t  t h e  space requirements, 
A n  i nves t iga t ion  of the  smaller f a c i l i t i e s  i nd ica t e s  t h a t  i t  is  not  
f e a s i b l e ,  e i t h e r  by an increase  i n  physical  s i z e  or  by t h e  add i t ion  
of an a i r l o c k ,  t o  modify these chambers t o  ob ta in  t h e  space required. 

The s i z e  of Chamber A, 

A l l  t he  o ther  facil i t ies,  being smaller 

, 
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CHAPTER 111 

CONCLUSIONS 

The purpose of t h i s  s tudy was  t o  eva lua te  t h e  engineering 
f e a s i b i l i t y  of ' test  f a c i l i t y  requireinents and t o  determine the  
c a p a b i l i t y  of l a r g e  environmental test f a c i l i t i e s  t o  f u l f i l l  t hese  
requirements f o r  ALSS Payloads. Environmental f a c i l i t i e s ,  both 
e x i s t i n g  and under cons t ruc t ion  were considered, including t h e  
f e a s i b i l i t y  and scope of modif icat ions required.  Determination of 
a v a i l a b i l i t y  of f a c i l i t i e s  w a s  no t  a p a r t  of t h i s  s tudy although it 
would be a key f a c t o r  t o  be weighed i n  consider ing modif icat ion of 
an  e x i s t i n g  chamber o r  cons t ruc t ion  of a new f a c i l i t y .  The evalu- 
a t i o n ,  summarized i n  Chapter 11, i n d i c a t e s  t h a t  c e r t a i n  changes i n  
t es t  requirements are necessary,  but  genera l ly  i t  i s  f e a s i b l e  t o  
m e e t  t h e  T e s t  Philosophy. 
t he  var ious  requirements have been developed i n  t h i s  study. 

The new concepts necessary t o  accomplish 

From t h i s  s tudy it  i s  concluded t h a t  t h e r e  i s  no chamber i n  
ex is tence  o r  under cons t ruc t ion  which can s a t i s f y  a l l  t h e  t e s t  
f a c i l i t y  requirements e i t h e r  f o r  Major Systems Test ing o r  Combined 
Systems Test ing as ou t l ined  i n  t h e  T e s t  Philosophy and Outl ine Test 
Program f o r  Apollo Log i s t i c  Support System Payloads dated May 1964. 
However, two of t h e  chambers could conceivably be modified, with 
c e r t a i n  compromises i n  test  c a p a b i l i t y ,  f o r  t h i s  program. These 
chambers are t h e  Space Propuls ion F a c i l i t y ,  L e w i s  Research Center, 
Plumbrook, Ohio and Chamber A of t h e  Space Environment Simulation 
F a c i l i t y ,  Manned Spacecraf t  Center. 

Only t h e  Space Propulsion F a c i l i t y ,  scheduled €or completion 
i n  e a r l y  CY 1967, i s  of s u f f i c i e n t  s i z e  t o  provide t h e  su r face  area 
t o  accommodate t h e  ALSS Payloads items f o r  both Major Systems Test ing 
and Combined Systems Testing. Other requirements,  however, necessi-  
ta te  enlargement of t h i s  f a c i l i t y  t o  m e e t  t h e  ALSS Payloads t e s t i n g  
needs. This w i l l  ca l l  f o r  major  redes ign  of t h e  f a c i l i t y ,  Unless a 
dec i s ion  t o  incorpora te  t h e  dual  t e s t i n g  func t ion  i s  made i n  t h e  very  
near  f u t u r e ,  cons t ruc t ion  w i l l  have progressed t o  the  s t a g e  where a 
l a r g e  amount of new cons t ruc t ion  w i l l  have t o  be removed and it w i l l  
no longer be reasonable  t o  consider  redesign. 

I f  t h e  maximum length  of t he  LRV were reduced t o  approximately 
43 f e e t ,  MSC Chamber A could accommodate a l l  the  ind iv idua l  items f o r  
Major Systems Testing. However, Chamber A cannot m e e t  a l l  the  test 
f a c i l i t y  requirements of t h e  T e s t  Philosophy, 
Chamber A t o  provide a m v i n g  sun i s  n e i t h e r  p r a c t i c a l  nor economical. 

Modification of MSC 
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The a d d i t i o n  of an equipment a i r l o c k  t o  MSC Chamber A t o  m e e t  t h e  
Major Systems Test ing requirement is  an imprac t i ca l  modif icat ion 
which would r e s u l t  i n  a loss of space and i n e f f i c i e n t  use of t h e  
f a c i l i t y .  
diameter s i d e  opening door and would be of excessive s i z e  due t o  
t h e  need f o r  compat ib i l i ty  with t h e  door, 

The a d d i t i o n  would be complicated by t h e  l a r g e  40 f o o t  
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CHAPTER I V  

ENGINEERING REQUI-NTS 

A. SOLAR SIMULATION 

T e s t  Philosophy Requirements 

The d e t a i l e d  requirements of t h e  T e s t  Philosophy are set f o r t h  
i n  Appendix B. I n so fa r  as s o l a r  and thermal r a d i a t i o n  s imula t ion  
requirements are concerned, they may be summarized as requirements 
f o r  materials t e s t i n g  through Combined Systems Testing. A Combined 
Systems T e s t  i s  def ined as a payload complete wi th  LEM Truck, having 
t h e  following maximum dimensions: 

LEM Truck Loaded 33 f e e t  diameter x 22 f e e t  high 

ALSS LRV 17  f e e t  wide, 14 f e e t  high and 46 keet long 

Radiant f l u x  of 140 w a t t s  pe r  square f o o t  i s  requi red  with a 20 
f o o t  diameter s o l a r  s imulat ing beam with t h e  d e s i r a b l e  c h a r a c t e r i s t i c s  
f o r  v a r i a b l e  pos i t i on ing  and supplementing thermal lamp system t o  
inc rease  t h e  i r r a d i a t i o n  area from t h a t  of t h e  20 f o o t  diameter s o l a r  
beam t o  an area 49 f e e t  by 20 f e e t  comprising both t h e  s o l a r  s p e c t r a l  
and thermal beams. F ive  f o o t  c learances between tes t  items and 
chamber w a l l s  are required.  The s o l a r  s imulat ing beam is  t o  approach 
the  s o l a r  spectrum i n  q u a l i t y ,  co l l imat ion ,  uniformity,  e tc . ,  a t  
least t o  the  degree achieved i n  t h e  NASA Manned Spacecraf t  Center, 
Chamber A. 

Although t h e r e  appears t o  be a d i f f e rence  between t h e  des i r ed  
c a p a b i l i t y  f o r  Combined Systems Test ing as s t a t e d  and s p e c i f i c  
requirements de l inea ted  i n  t h e  T e s t  Philosophy , fo r  s o l a r  r a d i a t i o n  
s imulat ion,  i f  as ind ica t ed  t o  d a t e  i n  t h e  ALSS payload s t u d i e s  t h e  
LRV maximum length  may be 25 f e e t  o r  less, t h e  Combined Systems T e s t  
could be conducted under exposure t o  the  combined s o l a r  spectrum 
simulat ing and thermal beams (i.e. t o t a l  area of i r r a d i a t i o n  of 
20 f e e t  by 49 f e e t ) .  For v e h i c l e  growth t o  46 f e e t  i n  length,  t h e  
length  given i n  t h e  T e s t  Philosophy, t h e  r a d i a t i o n  beams would not  
cover s u f f i c i e n t  area t o  completely i r r a d i a t e  simultaneously a l l  
components of a Combined System T e s t ,  
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The r ad ian t  f l u x  required i s  140 w a t t s  per  square foot ,  o r  
1510 watts per  square meter, and exceeds the  va lue  f o r  t h e  s o l a r  
constant  a t  t h e  mean e a r t h  o r b i t a l  d i s tance  from t h e  sun which i s  
about 130 w a t t s  per  square foo t ,  o r  1396 w a t t s  per  square m e t e r ,  
This excess capaci ty  i n  t h e  i n t e n s i t y  of r a d i a t i o n  provides f l e x i -  
b i l i t y  i n  test operat ions,  and assures  minimal opera t iona l  e f f e c t  
of lamp degradation with use. 

The s p e c t r a l  q u a l i t y  of r a d i a t i o n  des i red  f o r  the s o l a r  spectrum 
simulat ion beam i s  t h e  zero mass USNRL s o l a r  s p e c t r a l  i r r ad iance  
d i s t r i b u t i o n  ( re f :  page 15-16, Handbook of Geophysics, t he  MacMillan 
Company, New York, 1960). 

Cha rac t e r i s t i c s  of Solar  Radiation 

In  t h e  s imulat ion of the lunar  environment, s o l a r  r a d i a t i o n  i s  
an environmental f ac to r  which i s  s i g n i f i c a n t  from the  s tandpoint  of 
thermal e f f e c t s  upon i r r a d i a t e d  surfaces ,  and from t h e  de t e r io ra t ing  
e f f e c t  of t h e  high quantum energy range of t h e  spectrum (short  wave 
length u l t r a v i o l e t ) .  
absorpt ion c o e f f i c i e n t  of materials, and the  i n t e n s i t y  of u l t r a -  
v i o l e t  r a d i a t i o n  i n  space can produce s i g n i f i c a n t  e f f e c t s  on c e r t a i n  
materials. Another cha rac t e r i s  t i c  of u l t r a v i o l e t  r a d i a t i o n  i s  t h a t  I 

it i s  absorbed by many sur faces  which are h ighly  r e f l e c t i v e  i n  t h e  
v i s i b l e  and near i n f r a red  por t ions  of s o l a r  spectrum, hence may i n  
s p e c i f i c  coaf igura t ions  play a cr i t ical  r o l e  i n  t h e  thermal balance 
of the  test specimen surface.  
of s o l a r  proton bombardment i n  a l a rge  chaxber, s ince  it is  f e a s i b l e  
t o  reproduce these  e f f e c t s  i n  small-scale experiments, Likewise, 
s o f t  x-rays are not  proposed f o r  the  electromagnetic spectrum t o  
be simulated i n  l a r g e  lunar  environmental simulators.  

The r e l a t i v e l y  high energy per  quantum, high 

It i s  not  proposed t o  dupl ica te  e f f e c t s  

The sun i s  a gaseous body wi th in  which nuclear  transformations 
l i b e r a t e  energy t o  maintain i t s  mass a t  e leva ted  temperatures. The 
luminous envelope has an apparent (black body) temperature of about 
6000OK. The sun i s  not  p rec i se ly  a black body, t h a t  i s ,  it does 
not  r a d i a t e  with a spectrum following Planck's r a d i a t i o n  law exact ly ,  
having a Stefan-Boltzmann emissivi ty  f a c t o r  of approximately 0.99. 

Ibnatomic gases when thermally o r  e l e c t r i c a l l y  exc i ted  e m i t  
r a d i a t i o n  as a r e s u l t  of e l e c t r o n  t r a n s i t i o n s  from exci ted  o r  
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ion ized  states t o  t h e  ground s ta te  of a lower s ta te  of exc i t a t ion .  
With each permit ted t r a n s i t i o n  t h e r e  i s  a d i s c r e t e  wave length  
emission assoc ia ted .  I n  t h e  photosphere of t he  sun, t h e r e  are a 
s u f f i c i e n t  number of elements and states of e x c i t a t i o n  and 
ion iza t ion  such t h a t  t h e  r e s u l t i n g  r a d i a t i o n  spectrum approaches 
t h a t  der ived from Planck 's  r a d i a t i o n  l a w  a t  a black body temperature 
of about 6000°K. 

About 97% of  the  s o l a r  energy is emit ted i n  t h e  spectral range 
of from 0.3 micron wave length  t o  3 micron wave length ( i n  which t h e  
v i s i b l e  range is  included)  with about 2.1% of t h e  energy i n  wave 
lengths  g r e a t e r  than 3 micron wave length,  and 1.2% i n  wave lengths  
less than 0.3  micron. 
i n t e g r a t e d  s o l a r  r a d i a n t  f l u x  is 1396 w a t t s  per square meter normal 
t o  the  sun ' s  rays.  

A t  t h e  mean ear th-sun d is tance ,  t h e  s p e c t r a l l y  

Thermal E f f e c t s  i n  Simulating Solar  Radiat ion 

The d e s i r a b i l i t y  f o r  s imula t ing  as r e a l i s t i c a l l y  as poss ib le  
t h e  solar  spectrum envelope i s  based on two fundamental phenomena: 

a. The r a t i o s  of abso rp t iv i ty  a t  t h e  inc iden t  wave length  
t o  emiss iv i ty  a t  t h e  tes t  specimen su r face  temperature vary with t h e  
frequency ( o r  wave length)  of inc ident  r ad ia t ion .  

b. U l t r a v i o l e t  r a d i a t i o n  (higher  quantum energy level) 
i.e. wave lengths  of from 0.2 microns t o  0 0 4  microns i s  more e f f e c t i v e  
i n  causing materials degradation than lower frequency r a d i a t i o n  
( v i s i b l e  and i n f r a r e d )  
6 microns. 

of wave lengths of from 0.4 microns t o  

I r r a d i a t e d  su r face  equi l ibr ium temperatures are a r e s u l t  of t h e  
i n t e r r e l a t i o n s h i p s  between r a d i a t i o n  t o t a l  i n t e n s i t y ,  s p e c t r a l  
q u a l i t y ,  i nc iden t  angle,  abso rp t iv i ty ,  emiss iv i ty ,  and steric f a c t o r s  
(angles  of view) and t h e  space s i n k  temperature; and because of t he  
f i r s t  phenomenon, s p e c t r a l  q u a l i t y  i s  a major f a c t o r  i n  s imulat ing 
thermal e f f e c t s  of s o l a r  r ad ia t ion .  

I n  t h e  case of t h e  second phenomenon, the  d e t e r i o r a t i n g  e f f e c t s  
of u l t r a v i o l e t  r a d i a t i o n  on materials are not  cr i t ical  in-systems 
t e s t i n g ,  s ince  t h i s  e f f e c t  w i l l  be evaluated i n  most instances 
during component tests p r i o r  t o  systems t e s t i n g .  

The o the r  c h a r a c t e r i s t i c s  of simulated s o l a r  r ad ia t ion ,  a s i d e  
from s p e c t r a l  qua l i t y ,  which must be considered are: degree of 
co l l imat ion ,  uniformity,  t o t a l  r a d i a t i o n  i n t e n s i t y  and inc iden t  
angle  
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A t  t h e  e a r t h ' s  o r b i t ,  t h e  sun subtends an angle  of 32 minutes 
as viewed f r m  t h e  earth. This means t h a t  t h e  decol l imat ion h a l f  
angle  is no g r e a t e r  than 16 minutes. 
a s soc ia t ed  wi th  col l imat ion.  One concerns t h e  e f f e c t  of shading 
of components by overhanging p a r t s ,  and t h e  i n t e n s i t y  of t h e  
s imulated s o l a r  beam. 
be t h e  v a r i a t i o n  of beam i n t e n s i t y  as a func t ion  of d i s t ance  from 
t h e  source. 
environments w i l l  a l s o  be inf luenced by t h e  degree of beam 
c o 11 i m a  t ion  . 

There are several e f f e c t s  

The poorer t he  co l l ima t ion  t h e  g r e a t e r  w i l l  

Performance of s o l a r  c o l l e c t o r s  i n  s o l a r  s imula t ing  

Var ia t ions  i n  t h e  beam uniformity i n  t h e  plane normal t o  t h e  
d i r e c t i o n  of beam p ro jec t ions  would sub jec t  d i f f e r e n t  areas of t he  
t es t  specimen t o  d i f f e r e n t  r a d i a t i o n  i n t e n s i t i e s .  

Inc ident  angle  of s o l a r  r a d i a t i o n  is s i g n i f i c a n t  i n  eva lua t ing  
e f f e c t s  of s o l a r  r a d i a t i o n  throughout t h e  lunar  d iu rna l  aycle.  On 
t h e  lunar  su r face  t h e  i n t e n s i t y  of sun l igh t  w i l l  no t  vary with the  
sun ' s  p o s i t i o n  on t h e  celestial meridian a t  any po in t  t h e  sun is  
seen completely above t h e  horizon. 
whose su r face  i s  normal t o  inc iden t  rays  w i l l  be exposed t o  f u l l  
r a d i a t i o n  i n t e n s i t y  i r r e s p e c t i v e  of the  sun ' s  p o s i t i o n  above t h e  
horizon. The r a d i a t i o n  which may be absorbed w i l l  vary as t h e  
cos ine  of t h e  angle  of incidence of incoming rays  onto t h e  equipment 
su r face  areas. 

Thus por t ions  of equipment 

To eva lua te  t h e  thermal e f f e c t s  of t h e s e  c h a r a c t e r i s t i c s  f o r  
simulated s o l a r  r ad ia t ion ,  t h e  na tu re  of h e a t  t ransmission i n  space 
must be considered. 
from one body t o  another  through space i s  by r a d i a n t  energy t r ans -  
mission only. 
equation, which f o r  t h e  purpose of t h i s  ana lys i s  (neglec t ing  r e f l e c t i o n  
t o  source and r e - r e f l e c t i n g  t o  receiver) may be expressed as: 

I n  a p e r f e c t  vacuum environment h e a t  t ransmission 

This t ransmission rate i s  given by the  Stefan-Boltmann 

. 
Q = heat(energy) t r a n s f e r  rate 

An= pro jec ted  area of t h e  body B on a plane normal 

P t o  r a d i a t i o n  f l u x  from Source S ,  = = c o s  

F = v i e w  f a c t o r  of S viewed from B 

a = a b s o r p t i v i t y  of B d(= a b s o r p t i v i t y  of S 

= emiss iv i ty  of s e = emiss iv i ty  of B 
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= Stefan-Boltzmann constant 

Ts= source temperature, absolute scale 

Tb= body temperature, absolute scale 

y= angle of incidence of radiation on differential 
area 

Should S represent a sink at temperature less than By flow would 
be reversed from B to 5. 

In the equation it is seen that the heat flow to the test speci- 
men will vary as : 

Angle of incidence of the simulated solar radiation, 

The decollimation angle for the simulated solar radiation. 
(In this equation above, it is expressed as a view factor (F)). 

Absorptivity of the body.(Here a mean value is assumed, 
or more preciselyfa, Pn for a given temperature, where an = 
absorptivity at wave length n, Pn = fraction of radiation at wave 
length n, since absorptivity may differ at different wave lengths.) 

Difference of 4th power absolute temperatures. 

Following the same quantitative law, heat energy from the specimen 
radiates to the surroundings of lower temperatures or for example, 
if in the presence of a simulated lunar soil, the specimen is at a 
temperature lower than the soil surface, heat is transmitted to the 
test specimen by the same radiation law. 

%Us from the foregoing, it is evident that deviations from any 
one of the following characteristics from the corresponding values 
actually represented on the lunar surface will affect the thermal 
balance, and in consequence reduce the degree of environmental 
simulation, i.e,: 

Spectral quality of the simulated solar radiation. 

View factor of the simulated solar source (decollimation 
angle) from the test specimen. 

Temperature of simulated deep space. 
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Absorptivity of simulated deep space. 

Angle of incidence of simulated solar radiation. 

To quantitatively evaluate the effect of deviations in these 
parameters from the lunar environmental values, it is necessary to 
use Stefan-Boltzmann's radiation law. 

For example, on a typical lunar day, at equilibrium temperature 
of the specimen surface, heat absorbed from the l'sunlt equals that 
emitted from the surface to the heat sink of space, provided of 
course, that there are no internal heat producing or absorbing 
devices involved. 
the boiling point of liquid nitrogen used in cryopanels is 77OK, 
hence the temperature for cryopanels approximates 77OK. Applying 
the radiation equation, 6 = An Feord (Tb4 - Ts4), where v( is the 
absorptivity of space, taken as&=\ , and e is the emissivity of 
the test specimen, it can be shown that an error of less than one 
degree of test specimen surface temperature (where the test specimen 
surface temperature is 2000K or higher) may be expected from a space 
heat sink temperature of 77OK instead of the true space temperature. 

The true space temperature is about 4OK; however, 

Similarly, it can be shown that at about 300°K test specimen 
temperature, a 10 percent error in surface temperature will be 
incurred when'a 50 percent error is made in reproducing the view 
factor, a/e ratio or other linear factors of the solar simulation 
sy s tem , 

Radiation Sources for Solar Simulation 

For simulation of the sun's radiation spectrum electrically 
excited arc lamps have been used, (Carbon arc, Xenon arc, and 
Mercury-Xenon arc) which emit radiation in electron state transi- 
tions of excited atoms and ions, 

Essentially two basic sources are available, one is the carbon 
arc and the other is the pressurized gas compact arc. Examples of 
these sources include: 

a. 32 KW carbon arc units being fabricated for the Manned 
Spacecraft Center, Houston, Chamber flAff by the Radio Corporation of 
America. 
spectrum is shown in Figure A-1. 

A comparison of a 16 mm carbon arc spectrum with the solar 

b. A 2 1/2 KW Mercury-Xenon (HgXe) compact arc available 
from the Westinghouse Electric 
shown in Figure A-2 and a 5 KW Xenon (Xe) compact arc available from 

Corporation having a spectral quality as 
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t h e  General Electric Company and the  Westinghouse Electric Company 
on s p e c i a l  order.  A comparison of t he  5 Kw compact Xenon arc lamp 
spectrum wi th  t h e  s o l a r  spectrum is shown i n  Figure A-3. 

The carbon arc most c l o s e l y  s imulates  t h e  s o l a r  spectrum. The 
most s i g n i f i c a n t  devia t ion  is  t h e  s p e c t r a l  peak a t  about 0.4 
microns . 

Carbon arc lamps use  s o l i d  consumable e l ec t rodes  which r eqv i r e  
provis ion f o r  automatic rod feeding and d a i l y  loading of t h e  rod 
magazines, and f o r  exhaust of rod combustion products t o  minimize 
contamination of t h e  opt ics .  

The pressur ized  gas lamps are a v a i l a b l e  wi th  tungsten e lec t rodes ,  
They are s u b j e c t  t o  explosion f a i l u r e ,  i n  s ea l ed  quar tz  envelopes. 

which i s  most probable on s ta r t  up. 
these  lamps a f e w  percent  may f a i l  i n  t h i s  mode i n  500 hours of 
operation. 

Consequently, i n  an  a r r a y  of 

Degradation i n  i n t e n s i t y  wi th  operat ing l i f e  is  experienced 
with t h i s  lamp, which opera t iona l ly  i s  compensated by increase  i n  
lamp opera t ing  vol tage.  With t h e  Xenon lamp t h i s  degradation ra te  
decays exponent ia l ly  wi th  operat ion,  such t h a t  g r e a t e s t  degradation 
occurs i n  t h e  f i r s t  100 hours of operation. 

The Xenon lamp produces a spectrum which coincides  w e l l  wi th  
t h e  s o l a r  spectrum except f o r  t he  i n f r a r e d  emission i n  t h e  range 
between 0.8 and 1.1 microns. Where it e m i t s  33 percent  of i t s  
t o t a l  r a d i a n t  energy, as compared t o  about 18 percent  f o r  t h e  
s o l a r  spectrum. 

The Mercury-Xenon lamp produces a spectrum resembling t h e  
Xenon lamp spectrum wi th  superimposed peaks i n  t h e  u l t r a v i o l e t  
and v i s i b l e  wave length bands (0.2 microns t o  0.6 microns), hence 
f o r  some purposes may more c l o s e l y  s imulate  t h e  s o l a r  spectrum 
than t h e  Xenon lamp. But t h i s  lamp is apparent ly  more r e s t r i c t e d  
i n  o r i e n t a t i o n  than the  Xenon lamp, because of t he  tendency t o  more 
r ap id ly  form depos i t s  on the  lamp envelope when used i n  other  than 
design pos i t ion .  

The plasma arc i s  a compact arc type under development i n  
which the  pressur ized  gas i s  c i r c u l a t e d  through t h e  lamp and 
e lec t rodes  and cooled ex te rna l ly ,  permi t t ing  higher  e x c i t a t i o n  
energy and p o t e n t i a l l y  improved s p e c t r a l  simulation. Although 
t h e  carbon arc most c l o s e l y  s imulates  the s o l a r  spectrum, wi th  
f u r t h e r  development of t h e  gaseous arc lamp, p a r t i c u l a r l y  of t h i s  
e x t e r n a l l y  cooled conf igura t ion  permi t t ing  h igher  e x c i t a t i o n  
energy, c l o s e  s imula t ion  of t he  s o l a r  envelope may be poss ib l e  
wi th  the gaseous arc lamp a lso .  However, i n  t h i s  i nves t iga t ion ,  
t h e  e x t e r n a l l y  cooled plasma arc lamps are no t  proposed f o r  
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i nc lus ion  i n  a s o l a r  s imula t ing  system s i n c e  they are s t i l l  
e s s e n t i a l l y  developmental, have not  been produced i n  quan t i ty  
and l i t t l e  experience i n  opera t ing  them has been developed t o  
date.  

Opt ica l  Systems 

Opt ica l  systems are requi red  t o  c o l l e c t  as much of t h e  lamp 
r a d i a n t  energy as poss ib le ,  and t o  co l l ima te  the  r a d i a n t  enerzy 
beam. Figure A-4 shows an  o p t i c a l  system f o r  a s i n g l e  compact 
arc lamp s o l a r  spectrum s imula t ing  module of t he  on-axis type. 
Ins tead  of one lamp i n  t h e  c o l l e c t i o n  system, an a r r a y  could be 
used. 

These systems r e s u l t ,  however, i n  the  modi f ica t ion  of the  
spectrum produced by t h e  lamp or  r a d i a t i o n  source. Hence care 
must be taken i n  design t o  minimize degradation, both from the  
s tandpoin t  of s p e c t r a l  q u a l i t y  and energy loss ( r equ i r ing  
a d d i t i o n a l  hea t  removal capac i ty)  i n  t h e  o p t i c a l  system. To 
obta in  a c l o s e  s o l a r  spectrum s imula t ion  wi th  any of t h e  lamps 
discussed previously,  f i l t e r  c o r r e c t i o n  could be incorporated 
i n t o  t h e  o p t i c a l  system t o  remove unwanted peaks and bands, 
however, energy loss i n  t h e  f i l t e r ,  and the  r e s u l t i n g  h e a t  removal 
burden, p a r t i c u l a r l y  wi th  the  Xenon and Mercury-Xenon lamps 
would represent  a l a rge  inc rease  i n  o r i g i n a l  cons t ruc t ion  cos t s ,  
and i n  operat ing cos t s .  Figure A-5 shows t h e  s p e c t r a l  c a l c u l a t i o n  
f o r  a Xenon lamp, and a Xenon lamp source i n  an o p t i c a l  system 
comprising 8 inches of fuzed s i l i c a ,  8 a i r - fuzed  s i l i c a  i n t e r -  
faces  and 3 r e f l e c t i v e  components. 

As  seen i n  Figure A-4 t h r e e  func t ions  are performed i n  the  
o p t i c a l  system. F i r s t ,  the  r a d i a n t  energy from the  lamp i s  
c o l l e c t e d ;  then it i s  t r a n s f e r r e d  t o  t h e  co l l imator  assembly; 
and f i n a l l y  it i s  col l imated.  Fuzed quar tz  or  the  equiva len t  
should be used f o r  t he  lenses  t o  minimize loss  of t h e  u l t r a v i o l e t  
s p e c t r a l  i n t e n s i t y  and withstand e f f e c t s  of system heat ing.  The 
lenses  must be gas cooled, and p a r t i c u l a r l y ,  t he  f i r s t  condenser 
and r e l a y  lens  must be kept f r e e  of dus t ,  otherwise fuz ing  of 
fo re ign  matter i n t o  t h e  lenses  may occur. Special  p rovis ion  must 
be made f o r  cool ing t h e  hyperboloidal r e f l e c t o r .  
i n  Figure A-4 may be c l a s sed  as on-axis s i n c e  a l l  u n i t s  act on 
a s i n g l e  o p t i c a l  ax i s .  
t h e o r e t i c a l l y  t h e r e  i s  a dark spo t  beneath t h e  hyperboloidal  
mirror .  
s imulated sun only i n  those lamp u n i t s  w i th in  the  l”decollimationll 
angle  of view. 
e i t h e r  i t s  own image, t h a t  of t h e  chamber w a l l  or  of t he  chamber 
f l o o r  (neglec t ing  t h e  d i r e c t  thermal r a d i a t i o n  from t h e  component 
sur faces ,  i.e. t he  system “no i se l f ) .  View of t he  test specimen 
of i t s e l f  o r  of t h e  chamber f l o o r  i n  the  mir rors  is undesirable  
from the  s tandpoin t  t h a t  t h e  space s i n k  view f a c t o r  i s  reduced. 

The system shown 

From t h e  f i g u r e  it can be seen t h a t  

I n  t h e  i l lumina ted  area, the  tes t  specimen w i l l  see the  

I n  o t h e r  v i s i b l e  mir rors  i t  will see pr imar i ly  
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The o p t i c a l  system used wi th  the  32 KW, 16  mrn carbon arc 
system more c l o s e l y  resembles motion-picture p ro jec to r  op t i c s  
than t h e  system shown f o r  t h e  compact arc lamp, however, t h e  
funct ions performed are similar.  

With an a r r ay  of lamps in t eg ra t ed  i n t o  one system, an  of f -ax is  
co l l imat ion  system may be applied.  Figure A-6 shows such a con- 
f igu ra t ion .  
formed from four  quandrants of a paraboloid,  wi th  the  c e n t r a l  
po r t ion  deleted,  and t h e  i n s i d e  cupped por t ions  r o t a t e d  180" such 
t h a t  they f ace  outward. 

The paraboloidal  mir ror  a t  t h e  upper most pos i t i on  i s  

Figure A-6 a l s o  dep ic t s  t h e  off-axis  f ea tu re ,  where t h e  axis 
of co l l imat ion  from t h e  paraboloidal  mirror ,  forms angles  with 
t h e  axis of t r a n s f e r  from t h e  c o l l e c t o r  a r r a y s  hence, t h e  system 
i s  termed Ifoff-axis1f. The advantage of t h i s  system i s  t h a t  t h e  
t a r g e t  hyperboloidal mir ror  is  el iminated and t h e  paraboloidal  
r e f l e c t o r s  can be designed such t h a t  off  t h e  axis of co l l imat ion  
t h e  t e s t  specimen can see by r e f l e c t i o n  only cryopaneled chamber 
w a l l s ,  and v i s i o n  of t h e  f l o o r  and i t s  own r e f l e c t i o n  are precluded. 

Moving Sun Concepts 

To provide the  des i r ed  c a p a b i l i t y  f o r  movement of t h e  s o l a r  
s imula t ing  source r equ i r e s  development of systems which are no t  
c u r r e n t l y  reduced t o  p rac t i ce .  The following concept, designated 
t h e  "moving sun1' concept, is  discussed as a poss ib le  s o l u t i o n  
meeting t h e  s t a t e d  requirements,  i n so fa r  as poss ib le  wi th in  t h e  
cu r ren t  s t a t e -o f - the -a r t ,  This concept appears f e a s i b l e ,  bu t  w i l l  
r equ i r e  considerable  design development,, which i s  beyond t h e  scope 
of t h i s  study, before execut ion i n  hardware can be undertaken 
wi th  assurance of success.  

This moving sun concept i s  based on two r a d i a t i o n  sources.  
To s imula te  t h e  s o l a r  spectrum i n  a 20 f o o t  diameter t a r g e t  area, 
use of a Xenon 5 J.W lamp module i s  a poss ib l e  approach. Because 
this  module would be placed i n  a movable a r r a y  i n s i d e  t h e  vacuum 
environment, t o  permit movement with minimum chamberwall pene- 
t r a t i o n ,  a sea l ed  o r  flcannedfl conf igura t ion  i s  required.  Such 
a Ifcannedll module us ing  a 5 KW Xenon lamp has been proposed f o r  
t h e  NASA Space Propulsion F a c i l i t y ,  Plumbrook, Ohio, and i s  shown 
i n  Figure A-7. 

The Space Propulsion F a c i l i t y  s o l a r  s imulat ing module i s  
designed f o r  ver t ical  or ho r i zon ta l  operation. I n  the  moving sun 
concept, operat ion i n  a l l  i n c l i n a t i o n s  from hor i zon ta l  t o  vertical  
would be required.  
Propulsion F a c i l i t y  concept, Xenon lamps would be used r a t h e r  
than  carbon arcs s i n c e  maintenance of t h e  carbon arc feed  system 
i n s i d e  a vacuum environment i s  no t  considered f eas ib l e .  
Xenon lamps would not  be used f o r  t he  moving sun, since these  

I n  t h i s  moving sun concept and t h e  Space 

Mercury- 
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a r e  s u b j e c t  t o  g r e a t e r  degradation than t h e  Xenon lamp through 
depos i t s  i n s i d e  t h e  lamp envelope when operated i n  o the r  than 
design o r i en ta t ion .  

From t h e  Stefan-Boltmann r a d i a t i o n  l aw,  i t  i s  noted t h a t  t h e  
f a c t o r s  concerned with t h e  q u a l i t y  of t h e  simulated spectrum a r e  
the  a b s o r p t i v i t y  t o  emiss iv i ty  r a t i o s .  
s o l a r  spectrum envelope may be equated t o  a change i n  the  a/e a t  
t he  wave lengths  corresponding t o  t h e  spectrum devia t ion ,  and has 
a l i n e a r  e f f e c t  on r a d i a t i o n  propagation. Previously,  i t  w a s  c i t e d  
t h a t  a t  300°K t h e  test item temperature changed only 10% f o r  a 50% 
change i n  th’e l i n e a r  f a c t o r  of t he  r a d i a t i o n  equation, hence, a 
reasonable  compromise i n  s p e c t r a l  match may be acceptable  i n  order  
t o  achieve a system most compatible wi th  t h e  requirement f o r  
s imula t ion  of the  s o l a r  movement apparent a t  the  lunar  sur face .  

I n f i d e l i t y  i n  the  simulated 

The 5 KWXenon lamp module designed f o r  t he  NASA Space 
Propulsion F a c i l i t y ,  is based on the  experience gathered on design, 
f a b r i c a t i o n  and opera t ion  of t he  NASA Goddard Space F l igh t  Center 
2 1/2 KW Mercury-Xenon Space Environment Simulator lamp module. 
However, opera t ing  experience has not  been developed with the  5 KW 
Xenon lamp. Novel f e a t u r e s  of the 5 KW canned module include the  
provis ion  f o r  removal of hea t  from the  module o p t i c a l  elements. 
Nitrogen gas is  c i r c u l a t e d  i n  t h e  module, and passes through a 
hea t  exchanger having a 30% methanol water s o l u t i o n  c i r c u l a t i n g  
on t h e  rfcoollf s ide .  Hence, cool ing i s  accomplished by means of 
c i r c u l a t i n g  t h e  methanol-water through the  canned modules from 
outs ide  the  space s imulat ion chamber. 
proposed NASA Space Propulsion F a c i l i t y  provides f o r  f ixed  i n l e t  
and o u t l e t  methanol-water feed l i nes  f o r  t he  canned modules. I n  
t h e  moving sun concept, f l e x i b l e  condui ts  must be provided, which 
presents  requirements f o r  systems design and development, Figure 
A-8 demonstrates t h e  manner i n  which ind iv idua l  canned modules 
would be assembled i n t o  an array.  

The design f o r  the  c u r r e n t l y  

Based on recommendations made by General E l e c t r i c  Company 
r ep resen ta t ives ,  t o  accommodate t h e  wide spectrum of or i en ta t ions  
poss ib l e  i n  t h e  moving sun concept, p a r t i c u l a r l y  i f  movement i n  a 
180” a r c  i s  necessary i n  t h e  moving sun concept, lamps would be 
operated a t  70 t o  80% design r a t e d  output  t o  minimize any degra- 
da t ion  aggravated by misor ien ta t ion .  

To provide f o r  t he  20 foo t  diameter t a r g e t ,  us ing  t h e  de-rated 
5 KW lamp module an a r r a y  p a t t e r n  of 121  lamps as shown i n  Figure 
A-9 would be used. A t  lamp r a t e d  power, 90 modules would provide 
the  des i red  i r r a d i a t i o n ,  but  t o  allow f o r  opera t ion  a t  70 t o  75% 
r a t e d  power and t o  provide t h e  optimum conf igura t ion  t o  i r r a d i a t e  the  
c i r c u l a r  area, 121 m d u l e s  would be necessary. 

The second r a d i a t i o n  source ( in f r a red )  t o  extend t h e  r a d i a t i o n  
p a t t e r n  t o  an area of 20 f e e t  by 49 f e e t  w o - ~ l d  be 
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e s s e n t i a l l y  a Tungsten-Iodine doped lamp with Quartz envelope, a 
r a f l e c t o r r  and Ifstove pipel' col l imators  t o  minimize slop-over of 
t h e  ind iv idua l  lamp beams. U s e  of bare  tungsten .f i laments has 
been shown imprac t ica l  i n  USAF Arnold Engineering Development 
Center s tud ie s .  This f e a t u r e  would be somewhat i n  t h e  advance of 
t h e  a r t  i f  l a rge  lamp modules a r e  considered. 
5 KW capac i ty  a r e  c u r r e n t l y  ava i l ab le ,  and it  appears f e a s i b l e  t o  
i n t e g r a t e  a 1.0 KW lamp i n t o  an a r r ay  i n  which about 25% of t h e  
lamp input  energy is pro jec ted  as r a d i a t i o n  onto t h e  t a r g e t  area. 
Refinement of t h i s  f i g u r e  would r equ i r e  d e t a i l e d  o p t i c a l  ana lys i s  
and design which i s  beyond t h e  scope of t h i s  study. 

Lamps as la rge  a s  

The tungsten lamp i n  add i t ion  t o  providing t h e  thermal r a d i a t i o n  
on t a r g e t  w i l l  provide f o r  a f a i r  level of v i s i b l e  i l lumina t ion ,  
making t h e  r a d i a t i o n  exposure rea l i s t ic  from t h e  s tandpoin t  of t he  
human operator .  It may be necessary t o  provide f o r  cool ing i n  t h e  
lamp a r r ay  t o  absorb h e a t  from the  s tove  pipe co l l imators .  Quartz 
envelope lamps opera te  a t  h igher  temperatures than s o f t  o r  hard 
g l a s s  envelope lamps and hence are more s u i t a b l e  f o r  app l i ca t ion  
i n  a vacuum environment. 1 

Assuming 1.0 KW thermal: lamp modules, d i r e c t i n g  about 25% 
of t h e  lamp inpu t  energy t o  the  t a r g e t  a rea ,  i n  a f a i r l y  uniform 
140 wa t t  per  square f o o t  pa t t e rn ,  hexagonal s tove  pipe co l l imators  
would be about 0.9 f e e t  across  the  f l a t  of t h e  hexagonal c ros s  
sec t ions .  Figure A-10 shows a thermal lamp module arrangement 
poss ib l e  f o r  assembly of an a r r ay  of modules. 

One poss ib le  v a r i a t i o n  of t h e  moving sun concept could com- 
p r i s e  a moving a r r ay  of modules located on a two s t e p  o r  cascade 
of t r acks  (Figure A-11). 
ver t ical  arc could allow t h e  a r r ay  t o  rise and descend along t h e  
chamber s i d e  and top i n  an arc of 90" o r  more, f o r  example, from 
s i d e  rrsunlf t o  top  "sunT1 pos i t ions .  
be mounted on t h e  f i r s t ,  running ho r i zon ta l ly  i n  t h e  chamber, 
upon which t h e  s o l a r  spectrum simulat ing module a r r ay  could be 
mounted, thereby permi t t ing  t h e  module t o  t r a n s l a t e  i t s  pos i t i on  
f r o m  one poin t  ad jacent  t o  t h e  test  specimen a x i s  t o  another ,  
on a l i n e  49 f e e t  long (i.e. s u f f i c i e n t  t o  i r r a d i a t e ,  i n  20 foo t  
segments, t h e  lunar  roving vehicles . )  The v e r t i c a l  t r a c k s  could 
then be placed on a r o t a t i n g  t r a c k  permi t t ing  r o t a t i o n  through 
180". This arrangement would obviate  a requirement f o r  a turn- 
tab le .  

The f i r s t  t r a c k  assembly mounted i n  a 

The second set  of t r acks  could 

The tungsten lamp module could be mounted between t h e  ho r i -  
zon ta l  t r acks ,  enabl ing coverage of an area of about 20 x 49 f e e t .  
The tungsten lamps could be programmed such t h a t  t h e  f i laments  of 
t h e  lamps immediately t o  t h e  rear of t h e  s o l a r  spectrum simulat ing 
a r r ay  would be cold.  Rough co l l imat ion  of t h e  thermal lamps 
necessary t o  minimize f f s p i l l  over" of t h e  r a d i a n t  energy would be 
provided by t h e  I1stove.pipeslr a t tached  t o  t h e  r e f l e c t o r s .  



The weight of the  "canned" 5 KW Xenon lamp modules i s  about 
700 pounds, and t h e  weight of t h e  tungsten lamp module would be 
about 20 pounds, hence t h e  weight of t h e  respec t ive  a r rays  would 
be 85,000 pounds and 11,000 pounds giving a t o t a l  of about 96,000 
pounds or near ly  50 tons.  This weight could be supported between 
two arch  supports  allowing t h e  a r rays  t o  pass over t h e  t a r g e t  area. 

The 5 KW canned s o l a r  s imulat ion module (Figure A-7) which 
i s  considered f o r  t h e  moving sun concept is  e s s e n t i a l l y  t h e  same 
as  t h a t  proposed f o r  f i x e d  i n s i d e  mounting i n  t h e  NASA Space 
Propulsion F a c i l i t y ,  hence i t  i s  not  a novel f e a t u r e  of t h e  
concepts. 

Mounting on a t r ack ing  rack i s  novel (Figure A-11) and 
r equ i r e s  t h e  development of soluixions t o  seve ra l  d i f f i c u l t  
engineer ing problems,. 

F i r s t ,  f l e x i b l e  coolan t  f l u i d  condui ts  must be provided and 
a mechanism f o r  f r e e  play and s l a c k  take-up must be devised, 
constant  tens ion  saw-tooth take-up s e c t i o n  appears t o ' b e  a poss ib l e  
s o l u t i o n  t o  t h i s  problem as shown i n  Figure A-12, Here t h e  conduit  
is f l aked  i n  a plane p a r a l l e l  t o  t h e  chamber w a l l  ( o r  tangent plane 
t o  t h e  chamber) wi th  peaks of saw-tooth f o l d s  he ld  by weighted 
pu l l eys  or  programmed selsyns.  Upon playout of t h e  condui t ,  t h e  
saw-tooth form f l a t t e n s  t o  a s i n g l e  l i n e  of conduit  a t  t he  most 
extended pos i t ion .  A t  po in t s  in te rmedia te  between lamp modules 
or tee f i t t i n g s ,  etc., t h e  coolant  conduit  must be supported on 
r o l l e r s .  Assuming 15 foo t  "saw-tooth" depth, a f o l d  w i l l  
accommodate 30 feet  of condui t ,  
t o  90 f e e t ,  and allowing four  f e e t  f o r  t h e  r e t r a c t e d  saw-tooth 
mode of s torage ,  86 l i n e a l  f e e t  of- conduit  may be r e t r a c t e d  i n  
such an arrangement wi th in  a plane 4 f e e t  by 15 f e e t  i n  area. 
Weighted pul leys  a r e  s impl i f i ed  examples of tens ion  keeping 
devices.  
programmed se lsyns  may be requi red  t o  grade tens ion  wi th  playout 
of conduit .  

A 

Three f o l d s  w i l l  accqmnodate up 

I n  p rac t i ce ,  more soph i s t i ca t ed  mechanisms such as 

Other problems include: 

a. Power d i s t r i b u t i o n  t o  t h e  moving array.  

b, Control c i r c u i t r y  between moving a r r ay  and e x t e r n a l  
c o n t r o l  console. 

C. Temperature stresses, and e f f e c t s  on alignment of 
t h e  a r r ay ,  

d. Drive systems, ca r ry ing  loads,  and s a f e t y  f ea tu res  
i n  t h e  event of malfunctioning. 
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e. Means of f i n a l  alignment of modular u n i t s  t o  assure 
des i r ed  beam path. 

I n  add i t ion  t o  t h e  necess i ty  f o r  so lv ing  more novel engineer ing 
design problems f o r  t h e  moving sun concepts than wi th  t h e  a l t e r n a t e  
f ixed  sun concepts considered, a moving sun w i l l  r e q u i r e  a l a r g e r  
chamber than t h e  f i x e d  sun a l t e r n a t e s  i n  order  t o  accommodate the  
i n t e r n a l l y  loca ted  tungsten lamps and t h e  s o l a r  spectrum s imula t ing  
modules. 
systems f o r  t h e  tungsten lamp ar ray .  Four f e e t  w i l l  be r equ i r ed  
from t h e  cryopanel w a l l  t o  accommodate t h i s  system. 
s imula t ing  a r r a y  would be loca ted  such t h a t  i t  may pass i n  f r o n t  
of t he  tungsten lamp a r r ay ,  and would r e q u i r e  an a d d i t i o n a l  e i g h t  
t o  t e n  f e e t  p ro j ec t ion  i n  f r o n t  of t h e  tungsten lamps. Since the  
length of t he  o v e r a l l  flthermalfl and f l s o l a r f l  r a d i a t i o n  p a t t e r n  i s  
49 f e e t ,  i t s  width 20 f e e t ,  t ak ing  the  a r r a y  a s  equiva len t  t o  these  
dimensions i n  c ros s  s e c t i o n ,  the  volume f o r  accommodation would 
then be about 49 x 20 x 14 or  13,700 cubic  f e e t .  Provis ion must 
be made f o r  o r i en t ing  t h e  modular a r rays  i n  the  vertical plane,  
such t h a t  a t  t h e  s i d e  sun pos i t i on ,  t he  incoming beam may’ be 
ad jus t ed  t o  f a l l  normal t o  the  test  specimen v e r t i c a l  sur faces .  

Space w i l l  be requi red  f o r  t he  d r ive  mechanism and t racking  

The s o l a r  

Other problems a s soc ia t ed  with t h i s  concept inc lude  maintenance 
of the  f l e x i b l e  coolan t  l i n e s ,  electrical power and con t ro l  
cab les ,  and many design r e s t r a i n t s ,  such as minimum r a d i i  of arc 
requi red  f o r  f l e x i b l e  condui ts  i n  t h e  s t o r e d  pos i t i ons  (Figure A-12) .  

I n  s tudying systems f o r  cons idera t ion  as the  moving sun concept, 
(which allows t r a n s l a t i o n  of the s o l a r  spectrum s imula t ing  a r r a y .  
along t h e  a x i s  p a r a l l e l i n g  a deployed ALSS system) it w a s  f e l t  
t h a t  i n  t h e  i n t e r e s t  of tes t  se t -up  f l e x i b i l i t y ,  it would be 
d e s i r a b l e  t o  consider  moving t h e  s o l a r  spectrum s imula t ing  beam 
along t h e  tes t  specimen deployment ax i s  to’expose the  components 
a s  des i r ed  t o  t h e  Ifsolarff  i r r a d i a t i o n .  Choosing a f ixed  loca t ion  
could conceivably render  it impract icable  t o  expose c e r t a i n  test 
components while  i n  a deployed configurat ion.  I f ,  however, t h e  
t r a n s l a t i n g  t r a c k  is  e l imina ted  t h e  moving sun concept would be 
s i m p l i f i e d  considerably,  s i n c e  the  thermal lamp a r r ays  could be 
placed ab reas t ,  or  i n  a plane i n  f r o n t  of t h e  s o l a r  spectrum 
s imula t ing  modules. 
s imula t ing  module across  the  thermal r a d i a t i n g  a r r ay  r equ i r e s  the  
assembly t o  be cons t ruc ted  i n  a r e c t i l i n e a r  fashion,  hence i n  a 
c i r c u l a r  c ross  s e c t i o n  chamber, cons iderable  f l o o r  a rea  must be 
kept  f r e e  f o r  pos i t i on ing  of t he  camplete r a d i a t i n g  assembly. 
Fixing t h e  loca t ion  of t h e  s o l a r  spectrum s imula t ing  a r r a y  i n  the  
c e n t e r  of t he  extending thermal r a d i a t i n g  lamps would enable  
conservat ion of f l o o r  area requi red  t o  c l e a r  t he  low most poin t  
of t he  complete assembly. I n  addi t ion ,  t h e  otherwise f ixed  s o l a r  
spectrum simulat ing a r r a y  could be gimbal mounted, such t h a t  

The t r a n s l a t i o n  of t h e  s o l a r  spectrum 
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g r e a t e r  f l e x i b i l i t y  could be provided i n  d i r e c t i n g  t h e  s o l a r  
spectrum s imula t ing  beam t o  s e l e c t e d  por t ions  of t he  tes t  specimen. 

The weight of t h e  s o l a r  spectrum s imula t ing  a r r ay  would be 
about 50 tons,  and t h i s  weight would be supported by the  span of 
t he  ho r i zon ta l  t racks .  The load of t h e  a r r ays ,  and the  ho r i zon ta l  
t r acks  would then be c a r r i e d  by p a r a l l e l  arched s t r u c t u r e s  forming 
t h e  vertical  t r acks  and support ing t h e  d r ive  mechanisms. 

As an a l t e r n a t e  t o  incorpora t ion  of a t u r n t a b l e  i n  the  chamber 
design t o  enable  ho r i zon ta l  o r i e n t a t i o n  of test  specimen wi th  
r e spec t  t o  T1solarll r a d i a t i o n ,  t he  following f e a t u r e  could be 
incorporated i n  t h e  moving sun concept. The vertical  arched 
s t r u c t u r e  c i t e d  above could be mounted on t r acks  i n  t h e  f l o o r  
supported i n  the  chamber f l o o r  plane, such t h a t  t h e  e n t i r e  
assembly, w i th  support ing arches,  could be r o t a t e d  concen t r i ca l ly  
through an  arc of 180" i n  t he  ho r i zon ta l  plane.  

It is  beyond t h e  scope of t h i s  engineer ing s t u d y , t o  determine 
d e t a i l  design conf igura t ions ,  however, based on technology under 
development f o r  t h e  support  of f ixed  a r r ays  of the  5 KW canned 
modules proposed f o r  the  NASA Space Propulsion F a c i l i t y ,  it i s  
envisioned t h a t  a s v f f i c i e n c l y  r i g i d  s t r u c t u r e  may be in t eg ra t ed  
i n t o  a module a r r a y  c o n s i s t i n g  of 121  canned modules t o  a f f o r d  
s a t i s f a c t o r y  alignment of a l l  the  modules i n  a l l  a r c  pos i t i ons  
from s i d e  sun t o  t o p  sun. 
presents  a design problem, i n  t h a t  t h e r e  is  l i t t l e  f r e e  space 
between t h e  modules i n  the  assembled a r r ay ,  Def lec t ion  of the  
ho r i zon ta l  beams w i l l  r e q u i r e  provis ion t o  avoid binding on t h e  
t r acks ,  however, small  de f l ec t ions  of t he  module a s  an e n t i t y  
should not  be a problem i n  t h e  t e s t  s i n c e  t h e r e  w i l l  e x i s t  
freedom i n  pos i t i on ing  and means of o r i e n t i n g  the s o l a r  spectrum 
s imula t ing  a r r ay ,  The requirement f o r  f r e e  travel of the  a r r ays  
p a r t i c u l a r l y  over t h e  t r a c k s  w i l l  a l s o  present  problems i n  design 
and f ab r i ca t ion ,  and hence w i l l  add t o  t h e  f a c i l i t y  cos t .  

Deflect ion of t he  module supports  

Although the  moving sun concept i s  inhe ren t ly  more c o s t l y ,  
p resents  engineer ing and p o t e n t i a l  maintenance problems, and does 
compromise the  q u a l i t y  of the  simulated s o l a r  spectrum it  most 
nea r ly  meets the  requirements of the  T e s t  Philosophy. 

Estimate of Requirements - Arc Lamp System, Moving Sun Concept 

This estimate i s  based on conservat ive base l ines ,  i.e. dera t ing  
t h e  lamp output  {to 73% a t  s t a r t u p )  t o  allow longer l i f e  a t  var ious  
o r i e n t a t i o n s ,  allowance f o r  11 Kw r a d i a n t  energy f a l l i n g  ou t s ide  the  
20 fooF diameter t a r g e t  a r ea ,  and a va lue  f o r  module e f f i c i e n c y  of 
12,5%. I n  add i t ion ,  energy c r e d i t  i s  no t  taken f o r  overlap of t h e  
s o l a r  s imulat ing and tungsten lamp a r r a y  beams. 
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Based on s t a t e d  module e f f i c i ency  f o r  t he  2.5 KW Honeywell Module 
used i n  the  Goddard Space F l i g h t  Center s o l a r  r a d i a t i o n  system, assume 
12.5% i r r a d i a t i o n  e f f i c i ency  a t  s t a r t u p  and a vol tage  adjustment t o  
g ive  73% r a t e d  lamp capacity.  

Target area thermal load: -Tor 314 x 140 = 44 KW 

Thermal load t a r g e t  area 
and penumbral area:  44 i- 11 = 55 KW 

Electric Power t o  lamps 
a t  s t a r tup :  5 x 121 x .73 0tlg = 440 KW 

The values which follow represent  t he  thermal load which must be re- 
moved from t h e  a r r ay  of lamp modules. 
moved from the  modules a t  o r  about temperatures of 0' t o  20° C by 
c i r c u l a t i n g  coolants so t h a t  the  cryosystem burden may be minimized. 

Most of the  hea t  may be re- 

A t  Star tup:  440 x 0.875 = 385 KW 

AS t he  syetem-degrades the  lamp operat ing vol tage  must be increased t o  
maintain the  s o l a r  constant  and the  thermal load could u l t ima te ly  reach: 

(5 x 121)  - 55 = 550 KW 

Estimate of Requirements - Tungsten Lamp System, Moving Sun Concept 

Total  a rea  t o  be covered: 49 x 20 = 980 square f e e t  (assuming 
t r a n s l a t i o n  of s o l a r  spectrum simulating a r ray)  

Area t o  be i l luminated instantaneously: 29 x 20 = 580 square f e e t  

Target area thermal load: 580 x 140 
1000 = 82 Kw 

Assuming 25% e f f i c i ency ,  power required: 82 
0.25 

= 328 Total  Number of lamps il luminated: E 
le0  

= 328 KW 

= 550 Total  number of lamps required i n  array: 

(assuming t r a n s l a t i o n  of t he  s o l a r  spectrum simulating array)  

980 x 140 
1.00 x 1uoo x 0.2b 

980 
---= 1.775 sq feet 550 

Area covered by ind iv idua l  lamp modules: 

Al te rna te  Concepts f o r  Solar Radiation 

I n  view of t he  complexities inherent  i n  t h e  execution of any of 
the mving  sun concept designs,  and t o  compare t h e  cos t s ,  
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cons idera t ion  i s  made a l s o  of poss ib le  a l t e r n a t e s  t o  t h e  "moving 
sunt t .  The most s t r a i g h t  forward approach appears t o  be t h e  
s e l e c t i o n  of t h ree  f ixed  r f so l a r t f  pos i t ions .  I n  v i e w  of a l l  
compromises requi red  i n  a t tempts  t o  s imulate  t h e  lunar  environment, 
t h e  compromise of t h e  "quantum jumpslI from s u n r i s e  t o  h igh  noon 
does not  appear t o  cause c r i t i ca l  devia t ion  from the  T e s t  
Philosophy. Ef fec t  of hea t ing  w i l l ,  f o r  example, vary as the 
cosine of t h e  inc iden t  angle. With t h r e e  pos i t ions ,  0", 45", and 
90",the g r e a t e s t  "off angle" of incidence t o  a su r face  normal t o  
the  des i r ed  s o l a r  azimuth would be 22.5", and t h e  d i f f e rence  
between cos ine  of 0" and cos ine  22.5" i s  (1.000-0.924)/1.000 or  
7.6%. 
simulated,  t h e  d i f fe rence ,  of course,  would be g rea t e r ,  However, 
i t  appears t h a t  cons idera t ion  should be given t o  the  cost- t rade-off  
f o r  a "moving sun" concept aga ins t  a t h r e e  pos i t i on  f ixed  sun. 

For sur faces  near ly  p a r a l l e l  t o  t h e  s o l a r  azimuth being 

Al te rna te  Concept 1 is  an a l t e r n a t e  t o  the  Ifmoving sun" 
concepts which incorporates  carbon a r c  lamps of t he  same general  
type as the  NASA Manned Spacecraf t  Center, Chamber A apd MARK I 
modules. Thirty-one modules of about 32 KW r a t e d  input  should 
provide a 20 foot  diameter a r ea  of i r r a d i a t i o n ,  arranged i n  a 
p a t t e r n  a s  shown i n  Figure A-13.  For t h e  r i s i n g  and s e t t i n g  of 
t he  sun, i n  t h i s  concept, pos i t ions  w i l l  be l imi ted  t o  the  t h r e e  
pos i t ions :  overhead sun, mid-elevation sun and s i d e  sun. This 
w i l l  r equ i r e  t r i p l i c a t e  a r r ays  of modules, which may be mounted 
i n  the  chamber w a l l s  such t h a t  t he  lamp maintenance may be 
accomplished outs ide of t h e  vacuum environment. 

The module i n  t h i s  a l t e r n a t e  concept would be e s s e n t i a l l y  t h e  
same 32 KW u n i t  proposed f o r  t h e  MARK I space s imulator ,  except 
f o r  poss ib le  upgrading of t h e  u n i t  t o  provide s l i g h t l y  more than 
10 square f e e t  a r ea  coverage a t  1510 w a t t s  per square meter. 
This upgrading might prove unnecessary i f  t he  u n i t s  now being 
evaluated prove capable of meeting t h i s  performance, I n  Figure A-13 
i t  i s  shown t h a t  use of 31 modules approximates a p a t t e r n  giving 
c i r c u l a r  symmetry. I n  v i e w  of t he  above, use  of t h i s  module 
involves no apparent novel fea tures ,  except f o r  a poss ib le  
requirement f o r  adjustments f o r  operat ion a t  an angle  of 45" 
from t h e  ho r i zon ta l  i n  l i e u  of e i t h e r  ve r t i ca l  or hor izonta l .  
The g r e a t e s t  pa r t  of t he  hea t  load of t h i s  module would be 
d i s s ipa t ed  outs ide  t h e  space chamber, 

Approximately 40 KW may be l i be ra t ed  i n  the  o p t i c a l  condensing 
system i n s i d e  the chamber, and 44 KFI w i l l  comprise t h e  hea t  load 
from t h e  i r r a d i a t e d  a rea .  
would be  d i s s ipa t ed  by the  cool ing system conponents located 
externa 1 l y  

The remLining load of about 920 KW 

I n  t h i s  a l t e r n a t e  concept, s p e c t r a l l y  simulated s o l a r  
r ad ia t ion  could be augmented by tungsten f i laments  lamps e i t h e r  
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i n  the  same manner as proposed i n  the  moving sun concept, o r  by 
use of t h r e e  a r r ays  of tungsten lamps i n  f i x e d  pos i t i ons ,  
corresponding t o  the  e l eva t ion  angles of t h e  t h r e e  s o l a r  spectrum 
s imula t ing  a r r ays .  

Use of carbon arc lamps w i l l  r equ i r e  pe r iod ic  e l ec t rode  
re loading  and provis ion  f o r  exhaust of t h e  e l ec t rode  combustion 
products which must be considered i n  comparison with o ther  
concepts. Mounting of t h e  a r r ays  i n  the  chamber wa l l s  presents  
no novel problems, s i n c e  t h i s  mounting i s  being accomplished i n  
the  Manned Spacecraf t  Center, Chamber A. The use of a movable 
cryopanels,  i n  connection wi th  a f ixed  i n f r a r e d  
would present  f l e x i b l e  c ryo l ine  design and maintenance problems 
which may r e s u l t  i n  novel appl ica t ions .  
however, t h a t  an arrangement such a s  t h i s  concept w i l l  be r a t h e r  
i n f l e x i b l e ,  t h a t  is t h e  spo t  l oca t ion  of t h e  simulated s o l a r  beam 
w i l l  be f ixed ,  and cannot be moved t o  expose f l i g h t  veh ic l e ,  o r  
the  Lunar Roving Vehicle during a given test exposure. 
of t h e  tes t  specimens w i l l  be requi red  t o  a f f o r d  successive 
component,exposures t o  the  simulated s o l a r  spectrum. 

lamp system 

It must be noted, 

Movement 

Estimate of Requirements f o r  Solar  Spectrum 
Array, A l t e rna te  Concept 1 

Electric Power 1000 KW (Based on 32 KWT modules i r r a d i a t i n g  
hexagonal a reas  40" across  f l a t s  of hexagon, i.e. approximately 
10 square f e e t , )  

Simulating 

Handling of thermal load i n  op t i c s ,  i n s i d e  chamber, 
approximately 40 KW 

Handling of thermal load on i r r a d i a t e d  area 44 KW ( i . e .  
approximately 84 KFT cryopanel load)  

Requirements f o r  t h e  thermal a r r ay  w i l l  be the  same as c i t e d  
i n  the  d iscuss ion  of t h e  moving sun ar ray ,  

Al te rna te  concept 2 i s  a modular system based on a 5 KG1 
Mercury-Xenon compact a r c  lamp a s  the  s o l a r  s imula t ing  source. 
I n  t h i s  concept an a r r a y  of 91 modules i s  proposed which would be 
a development from t h e  2 1/2 KW Mercury-Xenon modules used i n  the  
Goddard Space F l i g h t  Center space s imulator .  I n  t h i s  concept, 
s imula t ion  of t h r e e  s o l a r  pos i t i ons  i s  proposed, as i n  the  a l t e r n a t e  
concept 1. Since f ixed  pos i t i ons  a r e  proposed i n  t h i s  concept 
modules may be designed f o r  t h e  Mercury-Xenon lamp, 

The maintenance problems wi th  the  Mercury-Xenon lamp d i f f e r  from 
those of the  carbon arc lamps of t he  a l t e r n a t e  concept 1. The 
Mercury-Xenon lamps r e q u i r e  simpler support  equipment and t h e r e  
a r e  no combustion products t o  dispose of ,  and no re loading  
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requirements. Degradation i n  use does not  appear unacceptable,  
s i n c e  output  may be maintained by increas ing  lamp cu r ren t  as 
e f f i c i ency  degradess There is ,  however, hazard i n  handl ing t h e  
lamps, because of the  i n t e r n a l  gas pressure,  and some breakage 
may be expected., Also, i n  t h e  event of lamp breakage, Mercury 
re leased  presents  a h e a l t h  hazard, 

E s t i m a t e  of Requirements f o r  t h e  Solar  Spectrum Simulating 
Array, Al te rna te  Concgpt 2 

E l e c t r i c  Power 440 EIW 

Handling of thermal load, e s s e n t i a l l y  equiva len t  t o  a l t e r n a t e  
concept I. I n  a l t e r n a t e  concept 2 ,  thermal supplementary 
i r r a d i a t i o n  may be provided i n  the  same manner as f o r  a l t e r n a t e  
concept 1. 

Other Approaches 

The above proposed concepts are based on systems cu r ren t ly  
i n  design development or  a c t u a l  execution i n  operat ing systems, 
and f o r  which p r inc ipa l  components are ava i l ab le ,  
include t h e  use of a long arc lamp as shown i n  Figure A-14.  This 
system would provide poor col l imat ion,  and would place a severe 
burden on hea t  removal, s i n c e  t h e  exposed lamps and op t i c s  would 
r equ i r e  a l l  hea t  removal a t  t h e  cryopanel temperature. 

Other approaches 

To m e e t  t h e  co l l imat ion  requirements, present  p r a c t i c e  
ind ica t e s  t h e  necess i ty  of applying c a r e f u l l y  a l igned  opt ics .  
Mating of e x i s t i n g  lamps and modular op t i c s ,  o r  use of the in t e -  
gra ted  carbon arc and o p t i c a l  module being f ab r i ca t ed  f o r  t h e  
Manned Spacecraf t  Center, Chamber A, appear to be t h e  most sa t i s -  
f ac to ry  approach t o  t h i s  design problem, Performance of t he  
Goddard Space F l igh t  Center s o l a r  s imula t ion  system demonstrates 
t h e  genera l  f e a s i b i l i t y  of t h e  llmodulartl approach f o r  design of 
s a t i s f a c t o r y  i r r a d i a t i n g  systems, I n s o f a r  as modular design is 
concerned, both t h e  carbon e lec t rode ,  and compact arc lamp modules 
are s u i t a b l e  f o r  i n t e g r a t i n g  i n t o  modular systems, 

Off-axis systems have a l s o  been .used, and t h e  experience of 
t he  General Electric Company has  demonstrated t h e  f e a s i b i l i t y  of 
t h i s  system f o r  t op  tJsuntt. The app l i ca t ion  of such a system t o  
provide t h r e e  s o l a r  pos i t i ons  does not ,  however, appear c u r r e n t l y  
f e a s i b l e  from t h e  s tandpoin t  of the geometrical  arrangement 
requi red  f o r  a l l  t h e  necessary components i n  providing a mul t ip l e  
pos i t ioned  s o l a r  s imula t ing  a r r a y ,  
t o  present  fewer problems i n  spacing cryopanels,  d i f f u s i o n  pumps, 
and i n  connections t o  t h e  chamber i n t e r i o r ,  

The modular u n i t  design appears 
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FIGURE A-6 OFF-AXIS COLLIMATION SYSTEM 
FOR SOLAR IRRADIATION SIMULATION 

Space Environment'Simulator 
General Electric Company 
Val ley Forge, Pennsylvania 
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FIGURE A-7 5 KW XE SEALED ENVIRONMENT LAMP MODULE 
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CONDUIT RETAINER 
ON ROLLER 

WEIGHTED CORD 

EXTENDED MODE 

WEIGHTED CORDS rn 
FIGURE A-12 CONDUIT STORAGE, CONTRACTED MODE 
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B. EARTH SH?cNE 

Test Philosophy Requirements 

The Test Philosophy, Appendix B, sets f o r t h  the  requirement 
f o r  ea r th  sh ine  simulation, including t h e  d e s i r a b i l i t y  f o r  simu- 
l a t i n g  the  r e l a t i v e  moon-earth movement. 

Cha rac t e r i s t i c s  of Earth Shine 

Earth shine on the  lunar  sur face  i s  estimated t o  range from 
10 t o  17.5 lumens p e r  square meter. This i s  equivalent  t o  0.015 
t o  0.026 w a t t s  per square m e t e r  v i s i b l e  r a d i a t i o n  a t  t h e  lunar  
surf  ace, a t  e s s e n t i a l l y  s o l a r  i l lumina t ion  "efficiency"., 
comparison, t o t a l  s o l a r  r a d i a t i o n  t o  be simulated is  1510 wat t s  
per  square meter. However, t he  co r re l a t ion  of lumens t o  wat t s  
t o t a l  r a d i a t i o n  i s  a funct ion of the conversion system. For 
example a candle produces about 0.1 lumen per  wat t ,  a tungsten 
f i lament  from 10 t o  35 lumens per  w a t t  input.  

For 

Methods of Simulation 

Assuming a lamp module co l l ec t ion  e f f i c i ency  of 25%, then a t  
10 lumens per  w a t t ,  (17.5)/(0.25) x (IO) = 7.0 w a t t s  per square 
meter are required f o r  e a r t h  shine,  hence on each thermal module 
an aux i l i a ry  p i l o t  lamp and s u i t a b l e  vol tage  control  may be 
included t o  accommodate e a r t h  shine requirements. Another method 
t o  provide e a r t h  shine would be  operat ion of the  in f r a red  irra- 
d i a t i n g  a r ray  a t  an extremely low voltage.  I n  t h e  desc r ip t ion  of 
t he  in f r a red  a r ray ,  it was proposed t h a t  t h i s  be composed of 
u n f i l t e r e d  tungsten lamps t o  provide v i s i b l e  i l lumina t ion  of the 
order  of magnitude present  i n  s o l a r  r a d i a t i o n  a t  t h e  moon's sur -  
face.  The T e s t  Philosophy does not  state s p e c t r a l  requirements 
f o r  e a r t h  shine,  however, low temperature opera t ion  of tungsten 
f i laments  would produce in f r a red  and red r i c h  r ad ian t  energy 
spectra .  Because of t h i s  c h a r a c t e r i s t i c  of operat ion a t  the  
extremely low l e v e l  of i l luminat ion,  it appears more convenient 
t o  use supplementary tungsten lamps i n  t h e  in f r a red  a r r ay  and 
s o l a r  simulating modules t o  provide the  e a r t h  shine simulation. 
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Unless t h e  s imulated e a r t h  sh ine  i s - c o l l i m a t e d ,  t h e  r e l a t i v e  
p o s i t i o n  of the  e a r t h  and moon i n  s imulat ing e a r t h  sh ine  does no t  
appear t o  inf luence  t h e  simulated condi t ions;  however, u se  of 
supplementary lamps i n  the  tungsten f i lament  lamp a r r ay  w i l l  
enable pos i t i on ing  of t he  apparent source of e a r t h  shine,  o r  t h r e e  
f ixed  a r r ays  as proposed f o r  a l t e r n a t e  concepts 1 and 2,  would 
al low t h r e e  pos i t ions .  Addit ional ly ,  s i n c e  these  tungsten f i l a -  
ment lamps should provide e s s e n t i a l l y  spo t  type beams an approxi- 
mate degree of co l l imat ion  may be achievable  f o r  both t h e  thermal 
" infrared" and r a d i a t i o n  e a r t h  sh ine  using t h e  same  b a s i c  a r r ay  
f o r  both types of r a d i a t i o n ,  as proposed above. 
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C, LUNAR SOIL SIMULANT 

T e s t  Philosophy Requirements 

For Combined and Major Systems Test ing,  a t h i n  l aye r  of s o i l  
simulant is requi red  f o r  thermal balance simulation. The prime 
cons idera t ion  being the  s imula t ion  of t he  a/e r a t i o .  For sub- 
system t e s t i n g ,  realistic s imula t ion  of lunar  s o i l  r e a c t i o n  is 
des i red .  This s imulat ion would r equ i r e  g r e a t e r  s o i l  depths. 

C h a r a c t e r i s t i c s  of S o i l  Simulants 
1 

Charac ter i s  t i c s  of s o i l  s imulants are d i v i s i b l e  i n t o  two 
ca t egor i e s ;  one thermal and t h e  o ther  mechanical. The thermal 
category of c h a r a c t e r i s t i c s  includes:  

Emissivi ty  of thermal r a d i a t i o n  (e) 

The r a t i o  of a b s o r p t i v i t y  t o  emis s iv i ty  (a/e) 

H e a t  capac i ty  (c) 

Thermal conduct iv i ty  (k) 

Thermal s t a b i l i t y  

The mechanical c h a r a c t e r i s t i c s  include: 

Overa l l  dens i ty  

P a r t i c l e  dens i ty  

Bearing pres  s u r e  

Gas a b s o r p t i v i t y  - d e s o r p t i v i t y  o r  outgassing rate 

Resis tance effect on r o l l i n g  devices ,  etc, 
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While only a "soZl-like" material can reasonably serve as a 
s o i l  simulant,  the  c h a r a c t e r i s t i c  criteria can only be derived 
secondari ly  from v i s i b l e  and radiometric observations of t h e  lunar  
s u r f  ace*. 

To m e e t  t he  T e s t  Philosophy test requirement f o r  Major and 
Combined Systems tests, a sur face  coa t ing  should s u f f i c e  t o  simu- 
late t h e  des i red  a/e r a t i o .  
thickness 'of the s o i l  l aye r  must be considered. 
program no excavation o r  subsurface cons t ruc t ion  i s  contemplated. 
Therefore, only the  active e f f e c t s  of the  s o i l  l aye r  on vehic les  
or  men t r ave r s ing  i t s  su r face  need be considered, These e f f e c t s  
are i ts  ~ a/e r a t i o ,  thermal conduct ivi ty ,  bearing capac i ty  and i ts  
physical  r e s t r a i n i n g  e f f e c t s  on wheel movement. The f i r s t  two 
named p rope r t i e s  can be successfu l ly  simulated wich a minimum 
s o i l  depth, say 3 t o  6 inches. The second two, bear ing capacity 
and physical  r e s t r a i n i n g  e f f e c t s  (as concerns the  proposed simu- 
l a n t ,  a cohesionless,  dry, sand-sized s o i l )  can be Approached 
through a f a c t o r  of sinkage i n  response t o  proposed wheel load- 
ing. 

For subsystem test and evaluat ion,  
I n  such a test 

Proposed loadings f o r  environmental t e s t i n g  vary between 900 
and 4000 e a r t h  pounds pe r  wheel. 
ed as a one-square-foot foot ing  on t o p  of a five foo t  depth of 
s a i l  simulant, t he  effective pressure bulb a t  f i v e  f e e t  depth 
(static) would besapproximately 300 pounds f o r  900 pound sur face  
loading and approximately 1400 pounds f o r  4000 pound surface load- 
ing. (See Figure C-1) 
necessary t o  have zero  pressure on the  a r t i f i c i a l  sub-stratum. 
However, f i e l d  tests on dry sand wi th in  t h e  range of foot ing  
pressure ind ica ted  (900-4000 pounds) have r e su l t ed  i n  a t o t a l  
sinkage of zero t o  2 inches, suggesting t h a t  a much shallower 
depth such as 3 f e e t  might be acceptable. 
m e e t  the  e s s e n t i a l  requirements f o r  a temperature grad ien t  i n  t h e  
simulated lunar  s o i l  as suggested i n  Figure C-2. 

I f  these loadings are represent-  

Thus a ten foo t  t h i ck  s o i l  l aye r  woula be 

This depth would a l s o  

Current ly  the re  exists no s o i l  simulant meeting a l l  des i red  
c h a r a c t e r i s t i c s ,  hence development s t u d i e s  w i l l  be necessary t o  
provide such a simulant. 

I n  development of a lunar  s o i l  simulant,  it must be r ea l i zed  
t h a t  some compromise of c h a r a c t e r i s t i c s  may be required from the  
s tandpoint  of simulant c o s t  and f a c i l i t y  i n  meeting criteria such 
as the  des i red  maximum outgassing rate. The c r i t i c a l i t y  of t he  
mission must be held as a guide i n  determining the  ex ten t  t o  
which criteria are t o  be m e t .  
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FIGUaE C-1 LUNAR SOIL DEPTH CONSIDERATIONS 
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Following, i n  the order  of p r i o r i t y ,  are the  des i red  charac- 
t e r i s t i c s  f o r  a simulated lunar  s o i l  f o r  use i n  engineering tests 
of subsystems . 

a. Maximum allowable outgassing rate, assumed 
1 x 10-8 t o r r  l i ters/sec/cm2. 
(during chamber operat ion a t  about t o r r ) .  

b. S o i l  densi ty ,  1 ,75  - 2.0 gms/cm3 (110 l b s  mass/ft3). 

c. Thermal conduct ivi ty ,  1 -3 x cal/cm2/sec/degree C. 

d. Light r e f l e c t i v i t y  (albedo), 6-8%. 

e, P a r t i c l e  dens i ty  2.5 - 2.7 gms/cm 3 
(150 lbs  mass/ft3) 

f .  Average bearing s t rength ,  12-30 ps i .  

g, 

h, Electrical conduct ivi ty ,  3,4 x mhos/meter. 

I 

P a r t i c l e  s p e c i f i c  heat, 0.2 cal/gm°C. 

i. Thermal s t a b i l i t y  range without decomposition, 
105OK- 5000K. 

I n  addi t ion  t o  compromises which may be necessary i n  meeting 
the c h a r a c t e r i s t i c  c r i t e r i a ,  use of s o i l  simulants i n  a vacuum 
environment may present  problems i n  contamination of equipment, 
p a r t i c u l a r l y  i n  instances of rap id  repressur iza t ion  of the  vacuum 
environment d i s tu rb ing  the s o i l  bed. Thus, t rade-of fs  must be 
considered between vacuum environment t r a f f i c a b i l i t y  study, versus 
s tud ie s  of s o i l  e f f e c t s  under a normal ea r th  atmosphere, 

The re l a t ionsh ip  of s o i l  simulants t o  a c t u a l  vehicle t e s t i n g  
is discussed f u r t h e r  i n  sec t ion  F of t h i s  chapter, 

Surface Treatment 

In the absence of a lunar s o i l  simulant, a surface which has 
t h e  thermal c h a c t e r i s t i c s  of t h e  lunar  sur face  would meet t h e  
p r inc ipa l  test requirements, lacking only characteristics required 
f o r  t r a f f i c a b i l i t y  s tudies .  Idea l ly ,  the  sur face  treatment should 
dup l i ca t e  the abso rp t iv i ty ,  emissivi ty ,  and r e s u l t a n t  a/e r a t i o ,  
thermal conduct ivi ty  and s p e c i f i c  hea t  of t h e  lunar  surface,  I f  
t h i s  could be accomplished, a minimum amount of heat ing and cooling 
of t h e  test plane would be required,  
s o l a r  beam would be absorbed by t h e  surface,  t h e  c h a r a c t e r i s t i c s  

The hea t  from the  simulated 

71 



of which would cause the  i l luminated su r face  t o  achieve the  equiva- 
l e n t  f250OF temperature whi le  conforming eo t he  hea t ing  curve of 
the  moon. When the  simulated sun i s  moved t o  a d i f f e r e n t  area o r  
c u t  o f f ,  the test su r face  could achieve t h e  -250OF luna r  su 
temperature by v i r t u e  of i t s  thermal conduct iv i ty  and emiss 
r a t i o .  This i d e a l  s i t u a t i o n  is  predica ted  on t h e  t e s t  su r f ace  
having the  proper view f a c t o r  and viewing a 4°K space temperature. 
Obviously i n  a space chamber t h e  idea l  view f a c t o r  is  no t  ob ta inable  
and t h e  space temperature is  l O O O K  r a t h e r  than the  des i r ed  4 O K .  I n  
addi t ion ,  t h e r e  may no t  be a su r face  t reatment  t h a t  can produce a l l  
of the des i r ed  q u a l i t i e s  l i s t e d ,  

The one q u a l i t y  t h a t  would con t r ibu te  t h e  maximum b e n e f i t  would 
be a su r face  t reatment  capable of producing the  proper a b s o r p t i v i t y  
(a), emiss iv i ty  (e) and r e s u l t a n t  a/e r a t i o .  
p resent  t i m e  t h e r e  is  a l ack  of information regarding the  ac tua l  
a,e, and r e s u l t a n t  a/e of t he  moon i t s e l f ,  
range from a n ’ a / e  va lue  of 1.02 (a=0.96, e=0,94) t o  1.13 (a=0.96,e=0.85). 
The d i f f e rence  i n  f i n a l  temperature of an  ob jec t  possessing an a/e 
r a t i o  i n  t h i s  range i s  i n s i g n i f i c a n t  t o  t h e  test r e s u l t s ,  

Unfortunately a t  the  

Pos tu la ted  lunar  values  

There are many poss ib l e  sur face  t reatments  o r  coat ings which w i l l  
produce an acceptab le  a / e  r a t i o ,  Crushed carbon e l ec t rodes  (graphi te )  
on pol ished aluminum produces a 1-06 r a t i o ,  bu t  substances such as 
t h i s  would be  mechanically imprac t ica l  f o r  use on the  chamber f loo r ,  
One simple modif icat ion i s  t o  p a i n t  the  f l o o r  with f l a t  black epoxy 
r e s i n  pa in t ,  which on aluminum produces an approximate a=.95, e=.89 
(a/e=1.07) whi le  possessing s u f f i c i e n t  mechanical s t r eng th  f o r  use 
on a lunar  plane,  

The t h  rmal conduct ivi ty  of the  lunar  su r face  i s  extremely low 
(1-3 x I O m g  cal/cm2/sec/degree C) while t he  thermal conduct ivi ty  of 
most m e t a l l i c  chamber f l o o r s  i s  approximately ,4 cal/cm2/sec/degree C, 
A poss ib l e  s o l u t i o n  would be t o  provide ex tens ive  i n s u l a t i o n  between 
the  f l o o r  and a new low thermal conduct ivi ty  lunar  plane. The thermal 
conduct ivi ty  e f f e c t s  of the  lunar  sur face  as appl ied  t o  the test 
o b j e c t  may be reasonably s imulated by use  of insulati .ng pads under 
the  t e s t  ob jec ts .  

The simulat ion of s p e c i f i c  hea t  i s  considered not  f e a s i b l e  with- 
ou t  a s o i l  simulant,  but  it is  probably t h e  least e s s e n t i a l  of the  
thermal c h a r a c t e r i s t i c s .  
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D. VEHICLE EXERCISE SYSTEM (VES) 

T e s t  Philosophy Requirements 

A t r eadmi l l  t o  permit exerc is ing  the  LRV i s  requi red  by para- 
graph 8.3.1.12 of the  T e s t  Philosophy. 

Vehicle Exercise 

The purpose i n  providing a Vehicle Exercise  System (VES) i s  t o  
accomplish the  maximum s imula t ion  of t he  a c t u a l  opera t ing  condi t ions 
of an  LRV t r ave r s ing  t h e  lunar  surface.  The most d e s i r a b l e  system 
i s  one which would employ a means of absorbing t h e  v e h i c l e  d r ive  
power, and/or applying power t o  the  veh ic l e  t o  s imula te  braking on 
down-hill grades,  while  simultaneously applying var ious  motions and 
shock loads t o  t h e  suspension system i n  order  t o  s imula te  t h e  
t r ave r s ing  of rough &main .  The VES should conta in  the  necessary 
components t o  perform t h e  above func t ions  whi le  opera t ing  i n  a 
chamber producing simulated lunar  environment. This d i scuss ion  i s  
pr imar i ly  concerned wi th  t h e  power absorp t ion  and shock load systems, 
and does n o t  inc lude  such f e a t u r e s  as Instrumentat ion,  con t ro l  and 
thermal systems . 

There are many poss ib l e  methods by which opera t ing  condi t ions can 
be evaluated. 
go r i e s  discussed below: 
Drum Drive System; and t h e  Axle Dynamometer System. 

Generally,  they may be divided i n t o  t h e  fou r  cate-  
Actual Vehicle Movement; Treadmill  Sxstgm; 

Actual Vehicle Movement 

The a c t u a l  powered mmement of t h e  tes t  v e h i c l e  i n  a chamber and 
across  t h e  lunar  s o i l  simulant would provide the  most accura te  s i m -  
u l a t i o n  possible .  The maximum v e h i c l e  v e l o c i t y  i s  expected t o  be 
approximately t e n  m i l e s  per  hour, o r  15 f e e t  per  second. Even i f  a 
200 f o o t  c i r c u l a r  t r a c k  w e r e  a v a i l a b l e  i n s i d e  a chamber, t h e  v e h i c l e  
would complete t h e  c i r c l e  i n  less than 42 seconds. I n  addi t ion ,  it 
would be d i f f i c u l t  t o  provide continuous s o l a r  i l l umina t ion  t o  a 
v e h i c l e  a c t u a l l y  moving at t h i s  speed wi th in  t h e  chamber. 
t ens ive  v e h i c l e  road tes t  wi th in  a chamber w i l l  r e q u i r e  a l a r g e r  
chamber than any e x i s t i n g  today. 
simulated sun l igh t ,  a sun capable of t racking  t h e  veh ic l e  around the  
chamber a t  speeds up t o  10 MPH i s  required.  

An ex- 

I f  t h e  test i s  t o  be conducted i n  
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Treadmill  System 

The t r eadmi l l  Systemmay be defined as a f l a t ,  moving p lane  on 
which t h e  v e h i c l e  rests. 
t h e  plane,  t h e r e f o r e  power i s  appl ied  t o  o r  absorbed from t h e  v e h i c l e  
wheels. Figure D-1 i l l u s t r a t e s  s eve ra l  conf igura t ions  of Treadmills. 

The v e h i c l e  i s  prevented from moving wi th  

One of the main problems of a t r eadmi l l  i s  the l a r g e  amount of 
power requi red  t o  propel  it. 
requi red  t o  propel  a t r eadmi l l  of s u f f i c i e n t  s i z e  t o  test a 46 f o o t  
long lunar  roving vehic le .  
p re sen t s  a d i f f i c u l t  thermal load i f  r a d i a t e d  wi th in  t h e  chamber, 
whi le  cool ing by c i r c u l a t i n g  a f l u i d  r equ i r e s  f l e x i b l e  l i n e s  and 
adequate seals. 
chamber i s  one of t h e  major considerat ions.  

A prel iminary estimate of 300 HP i s  

The equivalent  h e a t  of over 200 KW 

I n  eva lua t ing  any VES, t h e  h e a t  load imposed on t h e  

An equivalent  of t h e  t r eadmi l l  i s  t h e  conveyor b e l t ,  more 
s p e c i f i c a l l y  t h e  f l a t  be l t .  
h i s t o r y  of material moving i n  indus t ry ,  bu t  t h e i r  c a p a b i l i t i e s  with- 
i n  lunar  environment condi t ions are questionable.  The d l t i p l e  
number of requi red  support ing r o l l e r s  and bear ings,  t he  cons t ruc t ion  
of a f l e x i b l e  b e l t  and the d r i v e  system, r e q u i r e  ex tens ive  engineer ing 
a n a l y s i s  t o  a s su re  t h e  f e a s i b i l i t y  of a t r eadmi l l  system. The lub- 
r i c a t i o n ,  maintenance, and cool ing of j o i n t  p ins  i n  a l i n k  b e l t  sys- 
t e m  p re sen t s  a complex design problem, A f l e x i b l e  woven w i r e  b e l t  
could be u t i l i z e d  but  t h i s  s t i l l  r equ i r e s  t h e  mul t ip l e  r o l l e r  supports  
beneath t h e  b e l t  and t h e  l i f e  of t he  b e l t  under constant  f l e x u r e  a t  
t h e  extreme low temperatures would be quest ionable .  

These b e l t s  have a long and s a t i s f a c t o r y  

The chamber area and volume requi red  by a t r eadmi l l  may be ex- 
pected t o  be g r e a t e r  than requi red  by most o the r  VES concepts. 
t r eadmi l l  area w i l l  normally be equal t o  o r - g r e a t e r  than  the  l a r g e s t  
test o b j e c t ,  while  t h e  diameter of t h e  d r i v e  and terminal  pu l l eys  
w i l l  r e s u l t  i n  a he igh t  i nc rease  of approximately six fee t .  

The 

a. F u l l  Length Treadmill. 

This t r eadmi l l  i s  probably one of t h e  least d i f f i c u l t  
t r eadmi l l  systems t o  cons t ruc t  but  provides t h e  least i n  a c t u a l  
simulation. I n  t h i s  p a r t i c u l a r  case, t h e  t r eadmi l l  would be approx- 
imately 21 f e e t  wide by 50 f e e t  long f o r  t e s t i n g  of t h e  17 '  x 46' LRV 
of the  ALSS. 
forward and backward speeds f o r  t he  vehicle .  It cannot produce any 
lateral  turn ing  e f f o r t  of t h e  veh ic l e ,  any wheel d i f f e r e n t i a l  load- 
ing,  nor can an  implanted bump be made t o  a c t  on a s i n g l e  wheel. 

The f u l l  l ength  trea:&nill b a s i c a l l y  can provide only 

be Longitudinal S p l i t -  Treadmill ,  

This t r eadmi l l  design has an  advantage over t h e  previous 
one, because by varying speeds of each p a r t i c u l a r  s i d e  of the t read-  
m i l l ,  d i f f e r e n t i a l s  between d r i v e  systems can be simulated on each s i d e  
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of the  veh ic l e ,  
the  l e f t  s i d e  i n  r eve r se  f o r  a c lose  tu rn  s imulat ion o r  s t a t i o n a r y  
f o r  a l a r g e  r ad ius  turn.  I n  add i t ion ,  by p lac ing  some o b s t a c l e  on 
one s i d e  of t h e  t r eadmi l l ,  i t  i s  now poss ib l e  t o  impose a shock-load, 
depending on the  s i z e  of t he  obs t ac l e ,  t o  a l l  wheels on one s i d e  of 
t he  vehic le .  This design, h@wever, cannot shock a given wheel in- 
dependently nor simulate t h e  ttirning e f f o r t  of a p a r t i c u l a r  LRV 
module. 

Thus, the  r i g h t  s i d e  could be dr iv ing  forward with 

C. Traverse S p l i t  Treadmill. 

This treadmill is  a c t u a l l y  a f u l l - l e n g t h  t r eadmi l l  cu t  
i n t o  appropr ia te  lengths  t o  t e s t  each module of the LRV. This t read-  
m i l l  would provide the  c a p a b i l i t y  of varying the  forward and r eve r se  
speeds of any des i red  module t o  simulate the  pushing o r  pu l l ing  of 
one module by t h e  o thers ,  when climbing over obs tac les .  I n  add i t ion ,  
t h i s  system would have the  c a p a b i l i t y  of shock-loading any s i n g l e  
wheel of any module by placing an obs t ac l e  on one ha l f  of any s e c t i o n  
of the s p l i t  t readmi l l .  

d. Traverse and Longitudinal S p l i t  Treadmill, 

This i s  a combination of t he  f ea tu res  of a Longitudinal 
S p l i t  Treadmill and the  Traverse S p l i t  Treadmill ,  and becomes equiv- 
a l e n t  t o  t h e  Drum-Drive System with t h e  except ion t h a t  it presents  
a f l a t  f o o t p r i n t  t o  the LRV wheel r a the r  than a curved foo tp r in t .  

Drum-Drive Sys t e m  

Figure D-2 i l l u s t r a t e s  t he  bas i c  concept of a Drum-Drive Exercise  
System. 
peding r o t a t i o n  of the  drum. 
a s i n g l e  drum f o r  each p a i r  of wheels, as shown on the  top drawing 
of the  bas i c  concept. 
drum are requi red  and i n t e r n a l  cooling systems could be suppl ied 
without undue d i f f i c u l t i e s .  
t he  c h a r a c t e r i s t i c s  of a fu l l -wid th  traverse s p l i t  t r eadmi l l  and 
t h e r e f o r e  cannot provide d i f f e r e n t i a l  speeds on the  wheels of a 
s i n g l e  LRV module. 

It i s  composed of drums with a power absorp t ion  system imb 
The simplest conf igura t ion  would be 

I n  t h i s  case,  only two o r  t h ree  bearings p e r  

The single-drum system e s s e n t i a l l y  has 

a. S p l i t  Drum System, 

The spl i t -drum sys t emhas  the  advantage of d i f f e r e n t i a l  
speeds per  v e h i c l e  wheel f o r  each mdGle and i s  i l l u s t r a t e d  i n  t h e  
second l i n e  of Figure D-2. 
t i o n  and the  number of bear ings,  seals and cooling l i n e s  requi red  
p e r  module of the  exe rc i se  system are e s s e n t i a l l y  doubled. 

I n  t h i s  case,  the  problems of construc- 
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b. D 

One of the  b a s i c  disadvantages of a drum system is  
the  f a c t  t h a t  t he  drum presents  an i n c o r r e c t  wheel foo tp r in t .  
Figure D-3 i l l u s t r a t e s  t h i s  problem. As shown i n  t h i s  Figure,  
t h e  wheel f o o t p r i n t  provided by the  t r eadmi l l  i s  equivalent  to t h a t  
of the  lunar  sur face ;  i n  the  drum system, however, t he  f o o t p r i n t  
of the  f l e x i b l e  v e h i c l e  wheel now tends to curve around the  drum. 
This w i l l  impose a continuous stress on the  v e h i c l e  wheel, which 
w i l l  occur only momentarily i n  an ac tua l  lunar  mission. 
f o o t p r i n t  becomes increas ingly  v a l i d  as t h e  diameter of the drum 
increases .  
m e t e r ,  
i s  ind ica ted  as C i n  Figure D-3. 
been replaced by a m u l t i p l e  number of drums to provide a f l a t t e r  
surface.  This system i s  considerably more complicated than a 
s i n g l e  drum system, r e q u i r e s  a large number of bear ings and s e a l s  
and a complicated power-drive o r  absorbing system. 

The wheel 

The veh ic l e  wheel may be from s i x  to t e n  f e e t  i n  dia-- 
,A poss ib l e  multi-drum system to provide a better f o o t p r i n t  

I n  t h i s  case  the  s i n g l e  drum has 

C. summary. r 

The bas i c  concept of the drum-drive system appears 
simpler to cons t ruc t  and more dependable than any of t h e  t r eadmi l l  
systems and provides equal o r  better s i m l a t i o n  as compared to the  
t r eadmi l l  with the  exception of the wheel foo tp r in t ,  
drum system is  considered too complicated and is unwarranted to 
simply achieve a b e t t e r  foo tp r in t ,  
one of the  simpler systems capable of a c t u a l l y  exerc is ing  the  LRV 
wheels . 

The m u l t i -  

The s p l i t  drum system rep resen t s  

Axle Dynamometer S y s t e m  

This s y s t e m i s i l l u s t r a t e d  i n  Figure D-4 I n  t h i s  p a r t i c u l a r  
case,  the v e h i c l e  i s  r a i s e d  above the  chamber working sur face  and 
the  a x l e  dynamometers are a t tached  e i t h e r  to t h e  v e h i c l e  wheels 
o r  d i r e c t l y  to the  v e h i c l e  axle, U t i l i z i n g  t h i s  system, each 
wheel can be independently loaded to simulate  turn ing ,  s t a l l e d  
condivions, f r e e  spinning condi t ions of a given wheel,, and var ious  
load combinations to s i n g l e  wheels, multi-wheels o r  simultaneously 
to the  e n t i r e  vehic le .  I n  add i t ion ,  the  system would r e q u i r e  
only minor modif icat ions fo an e x i s t i n g  chamber f l o o r  and should 
r e s u l t  i n  one of t he  l e a s t  expensive systems. Another advantage 
of the  Axle Dynamometer system i s  i ts  f l e x i b i l i t y ' f o r  t e s t i n g  of 
var ious  types and lengths  of vehic les ,  I f  t he  dynamometers are 
s i zed  f o r  s u f f i c i e n t  horsepowerJ they may be u t i l i z e d  on two, four  
o r  s i x  wheeled veh ic l e s  with equal ease,  and by simply changing 
t h e i r  p o s i t i o n s  they can accommodate any length of spacing between 
v e h i c l e  wheels. None of t he  o the r  systems has  t h i s  f l e x i b i l i t y ,  
S t i l l  an add i t iona l  f e a t u r e  i s  the  r e l i a b i l i t y  of the  Axle Dyna- 
mometer ,  It rep resen t s  one of t he  few closed systems which could 
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be designed, and by i t s  modular na ture ,  a de fec t ive  dynamometer 
could be replaced,  
of t h e  drum-drive systems w i l l  r e s u l t  i n  considerable  chamber down- 
t i m e  and a probable r e p r e s s u r i z a t i o n  of t h e  chamber. Various move- 
ments (vertical and ho r i zon ta l  t r a n s l a t i o n )  can be incorporated 
i n t o  the dynamometer system t o  simulate shock-loading o f  any p a r t -  
i c u l a r  wheel o r  mul t ip les  t he reo f ,  The major disadvantage of t h i s  
system i s  t h e  lack  of a c t u a l  v e h i c l e  wheel exe rc i se ,  as t h e  wheels 
would n o t  touch t h e  ground o r  be under any torque  condi t ions,  even 
i f  they  w e r e  on t h e  vehic le ,  
t h e  thermal conduct iv i ty  between t h e  wheel and t h e  surface.  I f  
t h i s  system i s  u t i l i z e d ,  a wheel i s  t e s t e d  i n  a chamber with simu- 
l a t e d  lunar  s o i l  t o  e k t a b l i s h  numerical va lues  f o r  t h e  above para- 
m e t e r s ,  Once t h i s  has  been accomplished, equivalent  thermal 
conduc t iv i t i e s  and power demands could be synthesized i n  t h e  axle- 
dynamometer system. 
e s t a b l i s h  t h e  v a l i d i t y  of the wheel design but  this test could be 
performed i n  a smaller s i z e  chamber. 

The f a i l u r e  of any s e c t i o n  of a t r eadmi l l ,  o r  

Other disadvantages are the loss of 

A s e p a r a t e  tes t  would s t i l l  be requi red  t o  
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E, TEST OBJECT ORIENTATION 

T e s t  Philosophy Requirements 

The T e s t  Philosophy does no t  d i r e c t l y  r e q u i r e  the  o r i e n t a t i o n  
Para- of test ob jec t s  with r e spec t  t o  the  so l a r  s imulat ion beam. 

graph 8.3.1.2 s t a t e s  t h a t  a means of varying t h e  movement of t he  
sun i s  h ighly  des i r ab le ,  
r e spec t  t o  the s o l a r  s imula t ion  may be accomplished by movement 
of the  simulated sun and/or movement of t he  t e s t  object .  

Or i en ta t ion  of t he  test ob jec t  with 

The test ob jec t  o r i e n t a t i o n  may be considered as a v e r t i c a l  and 
ho r i zon ta l  azimuth wi th  r e spec t  t o  a given su r face  of the  test 
objec t .  
r i s i n g  sun o r  by m u l t i p l e - f i x e d  suns u t i l i z e d  i n  conjunction with 
t i l t i n g  of the test object .  
e i t h e r  by moving the  simulated s o l a r  source through the  requi red  
ho r i zon ta l  angle  or  by r o t a t i n g  t h e  test object .  
the  v e r t i c a l  and ho r i zon ta l  azimuths the  c o r r e c t  simulated s o l a r  
o r i e n t a t i o n  of the  test ob jec t  sur faces  can be obtained. If t he  
ho r i zon ta l  movement of the  s o l a r  source proves t o  be in feas ib l e ,  
t he  r o t a t i o n  of the  t e s t  ob jec t  w i l l  be required.  This r o t a t i o n  
may be accomplished by the following means: 

The v e r t i c a l  azimuth may be provided by an e l eva t ing  o r  

The ho r i zon ta l  azimuth may be obtained 

By s e l e c t i o n  of 

a. The ob jec t  may be manually ro ta ted .  

b. Accessory equipment, such as a p ivot ,  may be .attached t o  
the  test  ob jec t  t o  provide inherent  r o t a t i o n a l  capab i l i t y .  

C. The chamber may be equipped with the  necessary means such 
as a t u r n  t a b l e  o r  spec ia l  h o i s t i n g  equipment t o  r o t a t e  t he  test 
objec t .  

Manual r o t a t i o n  of l a r g e  objec ts ,  such as t h e  LRV, may be essen- 
t i a l l y  e l iminated from cons idera t ion  because of the  weights and s i z e s  
involved . 

The second method f o r  providing the test ob jec t  r o t a t i o n  i s  by 
the  attachment of r o t a t i o n a l  accessory equipment t o  t h e  test  objec t .  
Various degrees of s o p h i s t i c a t i o n  can be incorporated i n t o  such 
equipment so t h a t  t i l t i n g  and o the r  motion can a l so  be imparted t o  
the  test  objec t .  
wi th  an  a s soc ia t ed  frame and wheels placed on the test ob jec t ,  
cabl ing systems which l i f t  and r o t a t e  t he  objec t ,  pivoted powered 

The accessory may take the  form of c i r c u l a r  t racks  
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wheels beneath t h e  objec t ,  o r  i n  the  case of an LRV, r o t a t i o n  by 
u t i l i z i n g  t h e  veh ic l e  inherent  c a p a b i l i t i e s  with any necessary 
modifications.  These systems would r e q u i r e  minimum modif icat ion 
t o  e x i s t i n g  chamber f l o o r s ,  Such systems are l imi t ed  i n  t h e i r  
o v e r a l l  capabi l igy  because they must be designed to test a s p e c i f i c  
piece of equipment and i n  some cases a compromise of t he  test ob- 
j e c t i v e s  may occur. 

The t h i r d  method proposes t h a t  t h e  means f o r  r o t a t i o n  w i l l  be 
incorporated i n t o  the  f a c i l i t y  by use  of t u rn t ab le s  o r  o the r  
equipment . 

Turntable  Capab i l i t i e s  

The number, s i z e  and conf igura t ions  of t u r n t a b l e s  to be in-  
corporated i n t o  a Chamber f o r  tests of an  LRV 61 LEMTruck depend 
to a g r e a t  ex ten t  on t h e  type and magnitude of t he  des i r ed  tests. 
The major ca tegor ies  of tests and test  combinations considered 
are: 

I 

LEM Truck T e s t  

P a r t i a l  LRV Test 

LRV T e s t  

LRV p lus  LEM Truck T e s t  

Deployment T e s t  

LLV Sys tem T e s t  

Auxil iary Equipment Tests 

I n  any of t h e  tests the  prime t u r n t a b l e  requirement is  t h a t  
it be of s u f f i c i e n t  s i z e ,  be capable of supporting the  load and 
t u r n  a t  t h e  prescr ibed  rate, 

System A r ep resen t s  t he  s imples t  and smal les t  t u r n t a b l e  
f o r  minimum tes t ing .  
f e e t  i n  diameter. 
LEN Truck which is  33 f e e t  i n  diameter across  t h e  deployed legs  
as i l l u s t r a t e d  i n  Figures B-1 and B-5, Appendix B, 

It is  composed of a s i n g l e  t u r n t a b l e  of 36 
This s i z e  provides pr imar i ly  f o r  t e s t i n g  of a 

System B provides a t u r n t a b l e  diameter which has  been 
increased from the previous 36 f e e t  t o  50 f e e t ,  The s e l e c t i o n  of 
a 50 foo t  diameter i s  based on t h e  requirements f o r  test of a 
complete LRV with a length of 46 f e e t ,  The only major ga in  of 
t h i s  system over system A is  i t s  a b i l i t y  t o  accommodate the  com- 
p l e t e  LRV; no test c a p a b i l i t y  has been added which would allow 
deployment t e s t s  o r  combination tests, 
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System C is  composed of a 72 f o o t  diameter t u r n t a b l e  
which was  considered because of i t s  long range p o t e n t i a l ,  such as 
f o r  LESA system t e s t ing .  The LESA lunar  base concept u t i l i z e s  t h e  
LLV (Lunar Landing Vehicle) i n s t ead  of t he  LEM Truck. For t h e  
present  concept the LLV is  69 f e e t  i n  o v e r a l l  diameter and weighs 
up t o  28,000 pounds. System C has t h e  c a p a b i l i t y  of s i n g u l a r l y  
t e s t i n g  any p i ece  of t h e  ALSS equipment including t h e  LEM Truck o r  
LRV and can a l s o  t es t  t h e  major systems of LESA such as t h e  LLV 
and s h e l t e r .  

System D i s  composed of a 97 f o o t  diameter t u r n t a b l e  
which allows conducting combinations of tests as w e l l  as deploy- 
ment procedures tests. 

I n  t h e  preceding systems, t he  o r i e n t a t i o n  of t h e  test ob jec t s  
with respect t o  each o the r  remained constant.  I f  it i s  des i r ed  t o  
provide o r i e n t a t i o n  of each o b j e c t  i nd iv idua l ly  wi th  r e spec t  t o  
t h e  l i g h t  source then two o r  more tu rn tab le s  are required.  

S y s t e m  E provides two independent t u r n t a b l e s  of 36 and 
This would allow t h e  independent o r i e n t a t i o n  50 f o o t  diameters. 

of t h e  LEMTruck on t h e  36 f o o t  t u r n t a b l e  and t h e  ALSS-LRV on t h e  
50 f o o t  tu rn tab le .  Actual ly  the re  i s  l i t t l e  advantage f o r  t h i s  
concept s i n c e  sqlar sirrollation cannot be provided t o  both o b j e c t s  
a t  t h e  same  t i m e ,  thus only one simulated lunar  day l igh t  test  can 
be conducted a t  a t i m e ,  Or i en ta t ion  of t h e  LRV wi th  r e spec t  t o  
t h e  LEM Truck would provide marginal b e n e f i t s  f o r  tests involving 
personnel,  o r  provis ioning t r a n s f e r .  

Sys temF has two t u r n t a b l e s  one of 50 f o o t  and t h e  o t h e r  
of 97 f o o t  diameter. I n  t h i s  case, the  smaller t u r n t a b l e  i s  lo- 
ca ted  wi th in  and tu rns  with t h e  l a r g e r  tu rn tab le .  
of t h i s  type  arrangement it i s  now poss ib l e  t o  conduct a deployment 
test with se l ec t ed  o r i e n t a t i o n  with r e spec t  t o  t h e  s o l a r  source. 
I f  t h e  LEM Truck could be landed with a des i r ed  o r i e n t a t i o n  then 
only t h a t  p a r t i c u l a r  deployment test  need be conducted. Present  
i nd ica t ions  are t h a t  prelanded o r i e n t a t i o n  of  t h e  LEM Truck i s  no t  
probable and post-landing r e o r i e n t a t i o n  i s  no t  des i rab le .  Therefore 
deployment tests should be conducted with var ious  o r i en ta t ions .  A 
s i n g l e  97 f o o t  t u r n t a b l e  can perform t h i s  test, however, it does no t  
provide f o r  a cont inua t ion  i n t o  t h e  LRV test, The two t u r n t a b l e  
system provides t h e  deployment test wi th  c o r r e c t  o r i e n t a t i o n  and 
then by use  of t h e  50 f o o t  t u r n t a b l e  the  LRV test can be conducted. 

By u t i l i z a t i o n  

Sys tem G composed of t h r e e  t u r n t a b l e  complex provides 
even g r e a t e r  c a p a b i l i t i e s ,  
m e t e r  provides o r i e n t a t i o n  f o r  t h e  deployment tests. A 36 f o o t  
t u r n t a b l e  o r i e n t s  t h e  LEM Truck independently of t h e  deployment 
o r i e n t a t i o n  and a 50 f o o t  t u r n t a b l e  provides t h e  LRV test o r i en ta -  
t ion .  

The l a r g e s t  t u r n t a b l e  of 97 f o o t  d ia -  
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It can be seen t h a t  an increase  i n  the  c a p a b i l i t i e s  of turn- 
t a b l e  systems are accompanied by an i n e v i t a b l e  increase  i n  the  
diameters and complexity. To determine a recommended s i z e  and 
configurat ion it i s  necessary t o  compare t h e  va lue  of each test 
with t h e  assoc ia ted  cost .  Or ien ta t ion  by horJzonta1 r o t a t i o n  
of the  s o l a r  source e f f e c t i v e l y  eliminates t h e  requirement f o r  
a test objec t  r o t a t i o n a l  system, This concept i s  discussed i n  
d e t a i l  i n  Sect ion A. 

T i l t i n g  Turntable 

The f e a s i b i l i t y  of adding a t i l t i n g  c a p a b i l i t y  t o  t h e  turn- 
t a b l e  has been studied. 
changes i n  relative e leva t ions  of s o l a r  s imulat ion,  thereby 
avoiding t o  some degree t h e  need f o r  a moving s o l a r  source. 
assess ing  t h e  m e r i t s  of a t i l t i n g  tu rn tab le ,  it w a s  determined 
t h a t  t h e  complexity and engineering problems assoc ia ted  with t h i s  
f e a t u r e  outweighed t h e  advantages. 

A t i l t i n g  t u r n t a b l e  would provide f o r  

I n  
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F. VACUUM, MANRATING, TEMPERATURE 
CONTROL AND RADIATION HEAT SINK 

Test Philosophy Requirements 

Requirements of the Test Philosophy are set forth in Appendix B. 
Requirements relating to this section are outlined below. 

a. Vacuum pumping. This includes mechanical roughing pumps, 
diffusion pumps, and cryopumps. Specific requirements of the Test 
Philosophy are as follows: 

Vacuum with chamber empty - 
Vacuum with tests in progress - torr. 

torr. 
I 

MOLAB (LRV) oxygen leakage, and outgassing - 12 lb/day. 
Test’ Peripd - 2 weeks. 
Two-man air lock operations per test period - 100. 
Outgassing load from soil simulants (not specified in 
the 
cm2) 

Manrating for four men. Normally two will be in the 
chamber and two in the air lock. 

Rated to accommodate a treadmill. 

Test Philogophy - assumed 1x10-8 torr liters/sec/ 

Rated to accommodate a M O W  (LRV) test vehicle. 
, 

Rated to accommodate solar simulation. 

Probable hydrogen leakage from vehicle engine-fuel 
system (not specified in the Test Philosophy). 

91 



b. Temperature con t ro l  and r a d i a t i o n  hea t  s ink.  Spec i f i c  
requirements of t h e  T e s t  Philosophy f o r  temperature con t ro l  and 
r a d i a t i o n  h e a t  s i n k  are as fol lows:  

A lunar  p lane  su r face  temperature ranging from 250°F 
The rate of change should be equiva len t  t o  t h a t  occurr ing t o  -250°F. 

on the  lunar  su r face  (See Figure F - l ) *  

Simulation of lunar  su r face  thermal c h a r a c t e r i s t i c s ,  

A r a d i a t i o n  h e a t  s i n k  cons i s t ing  of absorbing w a l l s  
cooled t o  1 0 0 ° K  o r  less, and capable of absorbing a 10 KW h e a t  load 
from a test  a r t i c l e .  

Other requirements are d i c t a t e d  by ca l cu la t ions  o r  a n a l y s i s  
i n  o t h e r  p a r t s  of t h e  r epor t .  The requirement f o r  a 10 KW heat s i n k  
capac i ty  f o r  t h e  test  a r t ic le  i s  overshadowed by o the r  demands. 
are as fol lows:  

These 

Solar  Beam 55 Kw 

Solar  Simulator (based on mean 475 KW* 
degradat ion of lamps) 

I R  Beam 82 KW 

I R  Panel 246 KW 

T e s t  A r t i c l e  Power 10 Kw 

Vehicle Exercise System Dynamometer 5 KW 

Radiat ion from Lunar Plane 545 KW (5,000 sq f t )  

Chamber Walls 40-100 KW approx. 

c. Manrating. The Space Environment S imula t i c i  Chambers 
under cons t ruc t ion  a t  the  Manned Spacecraf t  Center,  Houston comprise 
two l a rge ,  manrated chambers f o r  the  t r a i n i n g  of a s t ronau t s  and-for  
t e s t i n g  of spacecraf t .  The manrating c h a r a c t e r i s t i c s  of t hese  chambers 
have been e s t ab l i shed  as t h e  c r i t e r i a  f o r  manrating as spec i f i ed  i n  
paragraph 8.3.1.11 of the  T e s t  Philosophy. 

Calcu la t ions  

a. Vacuum pumping, The problem of pumping oxygen, hydrogen, 
and miscellaneous leakage and outgassing appears formidable when one 
examines the  following: 

* Based on f u l l  cool ing of s o l a r  s imulat ion modules. 
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(1) Oxygen Leakage ( M O M )  LRV) 

Flow (cu f t / s e c )  = - WRT 
P 

W = 1.39 x lb s l sec  (12  lbs/bay) 

R = 48.31 (02 gas constant)  

T = 180 degrees Rankine (100OR) 

P = 2.78 x 

Flow = (1.39 x (48.31) (180) 

lbs/sq f t  

2.78 x 10-5 

= 4.35 x 104 cu  f t / s e c  

= 1.23 x lo6 l i t e r s / s e c  

(3) 

Oxygen Leakage (LO KW H-0  Fuel C e l l )  

W = 9.3 x 
rate) 

l b / sec  (based on 5% of consumption 

R = 48. (02 gas constant)  

T = 180 degrees Rankine (100OK) 

P = 2.78 x 10'51bs/sq f t  t o r r )  

Flow = (9.3 x 10-5)(48.31) (180)  
2.78 x 10-5 

= 2.9 x 104 cu f t / s e c  

= 0.83 x lo6 l i ters/sec 

Hydrogen Leakage (10 KW H-0 Fuel Ce l l )  

W = 1.04 x lb / sec  (based on 5% consumption 
r a t e )  

R = 766.8 (H2  gas constant)  

T =180 degrees Rankine (looo K) 
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P = 2.78 x l b s l s q  f t  t o r r )  

Flow = (1.04 x 10'5)(766.8)C180) 
2.78 x 10-3 

= 0.5 x lo5 cu f t / s e c  

= 1.5 x lo6 literslsec 

(4) Miscellaneous Outgassing (N2, 02, H20, C02, etc.) 

S o i l  Simulant - 2.3 x lo4 literslsec (1OO'x 50 ' )  

LRV S t ruc tu re  - 1.79 x lo3 litersl'sec 

LEM St ruc ture  - 1.29 x lo3 l i ters lsec 

Chamber Walls - trace 

Solar  Simulation - 2.45 x lo5  l i ters/sec 

Lubricants ,  organic  materials, etc. assoc ia ted  
with equipment - unknown 

To ta l  200Condensibles - 3.81 x lo6 l i ters/sec (5) 

b. Radiat ion from t h e  lunar  plane. The following cafcula-  
t i o n s  i n d i c a t e  t h e  hea t  r a d i a t i o n  from a heated lunar  plane t o  t h e  
r a d i a t i o n  hea t  sink. This  i s  based upon a n t i c i p a t e d  lunar  sur face  
temperature when t h e  sun i s  a t  i t s  zeni th .  

q = BTU/hr 

%= sq f t  

T i =  deg R 

T2= deg R 

q = .173 x 5000 1 .85 (m 710)4 - .96 

= 1.86 x lo6 BTU/hr. 

= 545 Kw 
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Discussion 

a. Vacuum pumping. Of t h e  chambers being considered, many 
are r a t e d  a t  a vacuurr of t o r r  with t h e  chamber empty. Most of 
t h e  chambers are operable  a t  vacuums of t o r r  o r  b e t t e r .  

Chamber vacuum i s  achieved by a combination of mechanical 
roughing pumps, o i l  d i f fus ion  pumps, and cryopumps (LN and LHe panels) .  
Disregarding t h e  mechanical roughing pumps which are genera l ly  capable 
of achieving approximately 100 microns (lo-' t o r r )  of pressure ,  Table 
F-1 i n d i c a t e s  general  opera t ing  c h a r a c t e r i s t i c s  assoc ia ted  with d i f -  
fus ion  pumping and cryopumping. It f u r t h e r  i n d i c a t e s  t h a t  s ince  t h e  
tes t  requirements demand a vacuum of lom5 t o r r ,  a s i g n i f i c a n t  capac i ty  
e x i s t s  wi th in  t h e  d i f f u s i o n  pumps and cryopumps f o r  simultaneous 
removal of condensibles and non-condensibles. However, t h e  problem 
of oxygen and hydrogen leakage and outgassing i s  a se r ious  considera- 
t i o n  as ind ica t ed  i n  t h e  above ca l cu la t ions .  A r e l axa t ion  of t h e  
vacuum requirements of t h e  T e s t  Philosophy t o  t o r r  would not  
adversely a f f e c t  mechanical and thermal aspec ts  of test  v a l i d i t y .  
A r e l axa t ion  of t h i s  order  of magnitude would increase  t h e  mass flow 
pumping ra te  by a f a c t o r  of 10. This  would permit use of chambers 
which would otherwise r equ i r e  ex tens ive  modif icat ion.  Component 
t e s t i n g  demanded by t h e  T e s t  Philosophy makes provis ion  f o r  ma te r i a l s  
eva lua t ion  a t  high vacuum so t h a t  t h i s  f e a t u r e  of t e s t i n g  i s  not  
neglected.  

The pumping ra te  of d i f f u s i o n  pumps i s  not  s i g n i f i c a n t l y  
reduced during the  course of continuous operat ion.  Performance of 
cryopumps, however, i s  reduced during continuous operat ion.  This  
degradation i s  genera l ly  a func t ion  of condensate buildup. 
General Electric Company, Valley Forge Space Technology Center has  
p a r t i a l l y  analyzed t h i s  problem from t h e o r e t i c a l  considerat ions.  
The parameters of t h i s  ana lys i s  were a s  follows: 

The 

(1) 
2 x 106 cm2 of cryopanel area. 

A 5 KW r e f r i g e r a t i o n  a t  20°K d i s t r i b u t e d  over 

(2)  
condi t ions ,  t h e  same f o r  t h e  chamber t o  degrade from 1 x 10-9 t o  
1 x t o r r  exceeded 20 weeks. 

Gas load of 6 x lo6  l i ters/sec N2. Under these  

The design of a two-man a i r l o c k  presents  no unusual vacuum 
problems provided i t  i s  considered an extension of t he  main chamber. 
Opening t h e  l a rge  equipment a i r l o c k s  i n t o  t h e  high vacuum chambers 
while i n  opera t ion  w i l l ,  of course,  r e s u l t  i n  unacceptable pressure  
surges  un le s s  t h e  lock i s  pumped t o  a low pressure  level ( i .e .  not 
less than t o r r ) .  This  w i l l  r equ i r e  a r e l a t i v e l y  l a r g e  and 
separa te  pumping system. 

95 





TABLE F-1 

OPERATION OF TYPICAL VACUUM FACILITY PUMPS 

Diffusion Pumps Cryopump 

Pressure Range (Torr) 10-5 to 10-6 10-4 to 10-8 

Pump Efficiency 

co2 High 

Ar, cH4 High 

Pressure Buildup 
When Pump Stops Slow 

Contamination From 
Pump High 

Re 1 i a b i 1 i ty Medium 

Extra Mechanical 
Pumping Con t i nu ous 

Power Consumption High 

High 

Low 

High 

Low 

Fast 

None 

Medium 

At start 

Medium 

97 





The outgassing of s o i l  simulants should not  be a se r ious  
problem provided proper ly  s e l e c t e d  materials are kept  f r e e  of 
organic  contaminants. The p r i n c i p a l  outgassing cons t i t uen t  w i l l  
probably be water vapor. 
i n s t a l l a t i o n  i n  t h e  chamber; otherwise,  vapor contamination of 
roughing pump o i l s  and unnecessary condensate buildup may occur. 

Oxygen leakage from as t ronau t s  (2-3) may range from 5 t o  
7.5 t o r r  l i t e rs  pe r  second. 
s i g n i f i c a n t  traces of n i t rogen  and carbon dioxide.  I n  addi t ion ,  
examination must be made of leakage and outgassing assoc ia ted  with 
var ious  pene t ra t ions ,  vacuum locks,  l i f e  support  systems, emergency 
r ep res su r i za t ion  systems, biomedical monitoring, and medical 
recovery f a c i l i t i e s  assoc ia ted  with manrating. 

This  could be removed by bakeout before  

This  may be accompanied by less 

The vehic le  exe rc i se  system and t e s t  veh ic l e  s t r u c t u r a l  
and mechanical p a r t s  may con t r ibu te  s i g n i f i c a n t l y  t o  t h e  o v e r a l l  
outgassing and leakage loads.  This  problem may be a l l e v i q t e d  t o  
a l a r g e  degree by proper s e l e c t i o n  of j o in ing  techniques,  c leaning  
techniques,  bakeout techniques,  s t r u c t u r a l  materials, design of 
l ub r i ca t ed  bear ings,  and care i n  t h e  use of exposed organic  mater ia l s .  
Estimates on outgassing from these  devices can only be made when 
concepts are developed and analyzed. 

b. Temperature con t ro l  and r a d i a t i o n  hea t  sink. The most 
concentrated load on t h e  hea t  s ink  w a l l  w i l l  be t h e  d i r e c t  impinge- 
ment of t h e  s o l a r  s imulat ion when t h e  moving sun i s  a t  t h e  r i s i n g  
o r  s e t t i n g  pos i t ion .  
General Electr ic  ca l cu la t ions  have shown t h a t  l i q u i d  n i t rogen  panels  
can s t a y  below lOOoK while absorbing t h i s  load. The problem of hea t  
d i s s i p a t i o n  then becomes pr imar i ly  a f a c t o r  of panel  area,  view €actor* 
and r e f r i g e r a t i o n  capaci ty .  Another major hea t  load i s  t h e  r ad ia t ion  
from t h e  lunar  plane a t  250°F. 

This  w i l l  equal 140 w a t t s  p e r  square foot .  

The thermal c h a r a c t e r i s t i c s  with a r a t e  of temperature change 
equivalent  t o  t h a t  of t h e  luna r  sur face  can be approximated by a 
combination of t h e  following: 

Solar  s imulat ion 

LN r a d i a t i o n  hea t  s i n k  

Electrical  s t r i p  hea t ing  i n  the  lunar  plane 

Jc V i e w  f a c t o r  i s  t h e  chamber h e a t  s i n k  area and lunar  plane area 
expressed as  percentages of what would a c t u a l l y  be observed on 
t h e  real lunar  surface.  
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Liquid or  gas n i t rogen  cool ing 

Proper su r face  

Thermal i n s u l a t i o n  blanket and thermal capac i ty  
of t h e  sur face  

C ont  r o 1 s 

Inves t iga t ions  conducted f o r  t h e  U. S. Air Force by Boeing 
have ind ica t ed  lunar  sur face  temperature v a r i a t i o n s  during a 
luna t ion  on t h e  lunar  c e n t r a l  meridian fol lows 2 p a t t e r n  as ind ica t ed  
i n  Figure F-1. This  f i g u r e  i l l u s t r a t e s  t he  t y p i c a l  t r a n s i e n t  tenipera- 
t u r e s  which should be maintained on t h e  lunar  plane. 

It i s  doubtful  t h a t  t h e  s o l a r  s imulat ion i n  combination 
with the  l iquid-ni t rogen-cooled w a l l s  can reproduce p r e c i s e  thermal 
s imulat ion condi t ions  f o r  a number of reasons: 

(1) The s o l a r  s imulat ion modules w i l l  blank out  an 
appreciable  po r t ion  of t h e  hea t  s ink  view fac to r .  Furthermore, t h e  
t e s t  chamber lunar  planes are not l a rge  enough t o  subtend an 
approximate view fac to r .  

( 2 )  The tes t  objec t  w i l l  shadow a s i g n i f i c a n t  por t ion  
of t h e  lunar  plane from t h e  s o l a r  s imulat ion and w i l l  blank out a n  
appreciable  por t ion  of t h e  hea t  s ink  v i e w  f a c t o r  from the  lunar  
plane.  

(3)  A r i s i n g  and s e t t i n g  sun f e a t u r e  would make no 
provis ion f o r  t h e  lunar  l a t i t u d e .  

( 4 )  The thermal and o p t i c a l  c h a r a c t e r i s t i c s  and 
behavior of s o i l  cannot be exac t ly  reproduced. 

(5)  
from s o l a r  s imulat ion,  hea t ing ,  and cool ing elements. This  again 
i s  a problem of v i e w  f ac to r .  

Var ia t ions  i n  proximity of vehicle  components 

The problem of temperature and r a d i a t i o n  hea t  s ink  and 
l i q u i d  n i t rogen  cooled i n t e r n a l  equipment are c l o s e l y  assoc ia ted  
with cryopumping. 
by the  chain r eac t ion  t h a t  would take p lace  i f  t h e  n i t rogen  system 
received t r a n s i e n t  o r  sus ta ined  overloads.* This  would fol low a 
p a t t e r n  somewhat as follows: 

The importance of t h i s  func t ion  can be explained 

J; Cryogenics as Applied t o  Design and Fabr ica t ion  of Space 
Simulation T e s t  Cel l ,  N63-11606, AEDC, USAE', January 1963. 
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(1) R i s e  i n  wal l  temperature would inc rease  vapor 
pressure  of accumulated condensates causing sublimation and inc reas ing  
t h e  pumping load (e.g. C02). 

( 2 )  The increased sublimation would decrease cryopumping 
e f f i c i e n c y  of l iquid-ni t rogen-cooled surfaces .  

( 3 )  Increased wal l  temperature would r e s u l t  i n  increased  
temperature of non-condensible gas molecules en te r ing  t h e  helium 
cryopump . 

( 4 )  Combined e f f e c t s  of increased  gas temperature,  
decreased n i t rogen  sur face  cryopumping, and condensate r e l e a s e  
would r e s u l t  i n  thermally overloading t h e  cryopump. This ,  i n  t u rn ,  
would r e l e a s e  t h e  condensates on t h e  helium p l a t e s ,  causing 
complete breakdown of t he  requi red  vacuum. 

c. Manrating. The following a r e  general  requirements - 
assoc ia ted  with manrating. 

Four man capac i ty  (normally two i n  the  chamber and two 
i n  t h e  manlock). 

Man 1 o ck s 

High r e l i a b i l i t y  f o r  s a fe  human occupancy under 
normal condi t ions  and s a f e  eg res s  under emergency condi t ions.  

Addit ional  f l o o r  a r e a  outs ide  t h e  chamber of approxi- 
mately 9 f e e t  by 10 f e e t  f o r  each manlock. 

Manlock doors having a clear width of 42 inches and 
a minimum height  of 7 f e e t ,  

Manlock pumping systems f o r  u l t ima te  pressure  of 
5 x lom3 t o r r  with a gas i n l e a k  of 5.0 t o r r  l i ters/sec from two 
s u i t e d  personnel.  

A primary r ep res su r i za t ion  system f o r  r a i s i n g  
pressure  from 10-5 t o r r  t o  207 t o r r  (6psia)  i n  30 seconds and t o  
provide a p a r t i a l  oxygen pressure  of 4.5 ps ia .  

A secondary emergency system t o  r ep res su r i ze  t h e  
chamber from 6 p s i a  t o  14.7 p s i a  wi th in  60 seconds. 

Fas t  and slow normal r ep res su r i za t ion  f o r  lom5 t o r r  
i n  30 minutes and f o r  10-9 t o r r  t o  14.7 p s i a  i n  3 hours and a f a s t  
normalizat ion pressure  from t o  320 t o r r  i n  8 minutes. 
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A n  environmental con t ro l  system which provides: 

(1) Cooling capac i ty  of 2000 BTU per  man per  hour 
(based on w a t e r  cooled s u i t s ) .  

(2)  To ta l  umbil ical-pressure s u i t  p ressure  drop 
less than  2.0 ps i .  

(3) Gas flow pe r  s u i t  up t o  20 cfm a t  not  less than 
15 p s i a  equal  t o  144 l b s  p e r  hour. 
of a i r  v e l o c i t i e s  and noise  involved.) 

(20 cfm may be too  high because 

( 4 )  Breathing and v e n t i l a t i o n  gas of pure 
oxygen. 

(5)  Su i t  opera t ing  pressure  between 3.5 and 5.0 
ps i a .  

( 6 )  Gas i n l e t  temperatures from 400F t o  70°F and 
v a r i  ab le  re  l a t i  ve humi d i t  i e  s . 

(7)  CO2 p a r t i a l  p ressure  below 8 t o r r .  

Biomedical monitoring t o  include su rve i l l ance  of 
tes t  subjec t .  

Supporting equipment t o  inc lude  medical f a c i l i t i e s  
and emergency power. 

Figure F-2 i l l u s t r a t e s  an a r t i s t ' s  concept of a double 
manlock, Chamber A, NASA, Manned Spacecraf t  Center, Houston, Texas. 
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G. WORKING ENVELOPE AND EQUIPMENT AIRLOCK 

Tes t  Philosophy Requirements 

The Tes t  Philosophy f o r  Major Systems Test ing r equ i r e s  a tes t  
chamber of s u f f i c i e n t  s i z e  t o  accommodate t h e  l a r g e s t  payload system. 
For Combined Systems Test ing t h e r e  must be s u f f i c i e n t  space wi th in  
t h e  chamber t o  unload the  LRV and o ther  payloads from the  LEM Truck. 

Major Systems Test ing paragraph 8.3.1.10 r equ i r e s  an a i r l o c k  of 
s u f f i c i e n t  s i z e  t o  permit i n s e r t i o n s  of  t he  l a r g e s t  payload system. 
The ALSS payloads as packaged on the  LEM Truck w i l l  cons i s t  of pay- 
loads whose dimensions approximate the  f rus t rum of a r i g h t  c i r c u l a r  
cone 10 feet  high wi th  an 18 f o o t  diameter base and 15 f o o t  diameter 
top. 
module of t h e  LRV need be considered. The module dimensions are 
16 f e e t  i n  length,  1 7  f e e t  i n  width and 14 f e e t  i n  height .  An a i r -  
lock o r  o the r  opening such as a top ha tch  of s u f f i c i e n t  s i z e  t o  
permit en t ry  of a loaded LEM Truck i s  requi red  f o r  Combined Systems 
Test ing,  

For s i z i n g  of t h e  a i r l o c k  t o  accommodate t h e  LRV only one 

Working Envelope 

The p r i n c i p a l  spacing needs wi th in  the tes t  chamber are as 
follows: 

Major Systems and Combined Systems test  items. 
Solar  simulation. 
In f r a red  panel. 
Vehicle exercise system. 
Working space. 
V i e w  f a c t o r  spacing. 

Paragraphs 8 and 9 of t h e  T e s t  Philosophy and Out l ine  T e s t  Pro- 
gram and Equipment Dimension Changes and Amplification Requirements 
of t h e  T e s t  Philosophy provide dimensional da t a  f o r  Major and Com- 
bined Systems Testing. Data f o r  solar  s imulat ion,  i n f r a r e d  panel ,  
and the  v e h i c l e  exercise system are included i n  Sections A, D, 
and E. 

Paragraph 8.3.1,13 of t h e  T e s t  Philosophy s p e c i f i e s  a c l e a r  
d i s t ance  of 5 f e e t  between ar t ic les  being t e s t e d  and the chamber 
w a l l s .  However, i t  i s  considered t h a t  t h e r e  are o ther  spacing con- 
s i d e r a t i o n s  a s soc ia t ed  with view f a c t o r  which are not  s t a t e d  i n  t h e  
Tes t  Philosophy but  are of g r e a t e r  importance and warrant s p e c i a l  
a t t e n t i o n ,  These are as follows: 
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A minimum dis tance  f o r  view of the  lunar  plane i n  a l l  
d i r ec t ions  from the  tes t  object .  A d i s tance  of 20 f e e t  has been 
se l ec t ed  as a reasonable approximation of t he  ac tua l  view of the  
t r u e  lunar  plane based on t h e  dimensions of the  ALSS equipment 
items. Ten f o o t  high temperature cont ro l led  panels a t  the  p e r i -  
phery of the lunar plane would a l s o  assist i n  maintaining t h e  
proper view f a c t o r ,  

A minimum spacing from the  sun, Based on a veh ic l e  
approximately 20 f e e t  i n  he ight ,  a d i s tance  of 40 f e e t  has been 
selected.  
the  normal hea t  s ink  view from any point  on the  test  vehicle .  

This would prevent blocking of more than 25 percent of 

Figure G-1 i l l u s t r a t e s  some problems assoc ia ted  with view 
fac to r ,  The Space Propulsion F a c i l i t y  chamber layout has been 
used f o r  i l l u s t r a t i o n .  

Equipment Airlock 

An equipment a i r l o c k  can provide a means of en t ry  of equipment 
t o  the  main chamber without t h e  necess i ty  f o r  r ep res su r i za t ion  of 
t he  chamber. It can a l s o  serve as a less soph i s t i ca t ed  tes t  chamber. 
In  considering so le ly  the equipment a i r l o c k  without considering o the r  
f a c t o r s ,  it appears t h a t  f l o o r  a rea  which may be needed f o r  a Combined 
Systems deployment t es t  could be provided through use of the  equip- 
ment a i r lock ,  For t h i s  usage t h e  a i r l o c k  door t o  t h e  main chamber 
would be  open, t h e  loaded LEM Truck posi t ioned a t  t h e  opposi te  s i d e  
O€ the  chamber, and t h e  LRV p a r t i a l l y  deployed i n t o  the  equipment 
a i r  lock . 

One disadvantage, however, t o  the u t i l i z a t i o n  of the  equipment 
a i r l o c k  f o r  supplementing the  chamber space i s  the i n a b i l i t y  t o  
properly i r r a d i a t e  the  a i r l o c k  from the  s o l a r  s imulat ion system. 
It would, however, be  poss ib le  t o  pos i t i on  t h e  s o l a r  beam thus 
i r r a d i a t i n g  t h e  LEM Truck o r  an adjacent  area and allowing the  LRV 
t o  pass through t h e  beam on deployment. This may c r e a t e  inaccurate  
thermal grad ien ts ,  but on the  o ther  hand might be ind ica t ive  of 
conditions occurring on shadowed areas  of the  veh ic l e  on the  lunar  
surf  ace. 

Another disadvantage i s  t h a t  t he  view f a c t o r  i s  l imited,  how- 
ever on a temporary bas is ,  such as t h e  t i m e  i n t e r v a l  required f o r  
a deployment operat ion,  t h i s  may not be ser ious.  

Other test f a c i l i t y  requirements and spacing needs wi th in  the  
t es t  chamber d i c t a t e  t he  chamber s ize .  Even though an equipment 
a i r l o c k  may s e e m  t o  provide t h e  added space, evaluat ion of t he  
o ther  requirements may prove t h e  space t o  b e  inadequate. 

The equipment a i r l o c k  i s  t o  be s i zed  t o  accommodate the  following 
payloads , 
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The f i r s t  is  t h e  LEM Truck payload which i s  a f rus t rum of a 
r i g h t  c i r c u l a r  cone wi th  a base diameter of 18 f e e t ,  a he ight  of 
10 f e e t  and a top diameter of 15 f e e t ,  The second i s  t h e  ALSS 
s h e l t e r  labora tory  o f  t h e  same  dimensions as t h e  LEM Truck payload 
and t h e  t h i r d  i s  a module of t h e  LRVwith a l e n g U  16 feet ,  a 
width of 1 7  f e e t  and a he ight  of 14 f e e t .  
(LFV) i s  a l s o  t o  be considered, however an equipment a i r l o c k  capable 
of accept ing t h e  o the r  payloads can accept  t h e  LFV, 

A Lunar Flying Vehicle 

The length  and width of $he a i r l o c k  are determined by t h e  d ia -  
m e t e r  of the  LEM Truck payload s i n c e  it r ep resen t s  the  maximum 
hor i zon ta l  dimensions, while  t h e  LRV e s t a b l i s h e s  the  he igh t  requi re -  
ment. The minimm test  ob,ject envelope is  the re fo re  18 f e e t  i n  d ia -  
m e t e r  by 14 f e e t  high. 
between t h e  tes t  ob jec t s  and a i r l o c k  sur faces  f o r  test se tup  and 
tes t  ob jec t  i n s t a l l a t i o n  and removal. 

A c learance  of a t  l e a s t  3 f e e t  i s  requi red  

The a b i l i t y  t o  conduct tes ts  i n  t h e  a i r l o c k  n e c e s s i t a t e s  t h e  
incorpora t ion  of thermal conitrol panels  w i th in  t h e  a i r lock .  
r e q u i r e  approximately 3 f e e t  of c learance  between the  a i r l o c k  inner  
w a l l  and the  panel. 
30 f e e t  wide by 30 f e e t  long by 23 f e e t  high. 
be made f o r  t h e  door opening c learance  f o r  a i r l o c k  ingress  and 
egress  from t h e  chamber. 
s l i d i n g  doors are more complex f o r  a vacuum app l i ca t ion  and present  
both sea l ing  and s t r u c t u r a l  problems. 
high door would p e r m i t  en t ry  of t h e  t es t  objec ts .  

These 

The minimm s i z e  equipment a i r l o c k  then becomes 
P r o v i s i o n i m s t  a l s o  

A s i n g l e  door i s  proposed s i n c e  s p l i t  o r  

A 20 f o o t  wide by 16 f o o t  

The f i n a l  minimum i n t e r n a l  s i z e  of t he  a i r l o c k  would then be 
approximately 30 f e e t  wide by 44 f e e t  long by 23 f e e t  high. When 
consider ing t h e  modif icat ion of an e x i s t i n g  chamber f o r  add i t ion  
of an equipment a i r l o c k ,  changes i n  t h e  proposed a i r l o c k  s i z e  may 
be necessary f o r  adapt ion t o  an e x i s t i n g  f a c i l i t y . '  
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CHAPTER V 

EVALUATION OF CHAMBERS 

I n  t h i s  Chapter is  presented an eva lua t ion  of the  chambers 
contained i n  Appendices C and D t o  determine t h e i r  c a p a b i l i t y  t o  
f u l f i l l  the tes t  f a c i l i t y  requirements f o r  the  Apollo Log i s t i c  
Support System Payloads. The eva lua t ion  has been made on the b a s i s  
of the  test f a c i l i t y  requirements f o r  Major Systems Test ing and 
Combined Systems Test ing as contained i n  paragraphs 8.3.1. and 9 of 
the  T e s t  Philosophy and Out l ine  Test Program f o r  Apollo Log i s t i c  
Support System Payloads. 

A. SPACE PROPULSION FACILITY, NASA LEWIS RESEARCH CENTER 
PLUMBROOK STATION, OHIO 

1. MAJOR SYSTEMS TESTING 

Working Envelope 

The Space Propuls ion F a c i l i t y  was designed pr imar i ly  t o  test  
nuc lear  power systems which do no t  r equ i r e  l a rge  f l o o r  a reas ,  but  
r equ i r e  r a d i a t i o n  sh ie ld ing .  The chamber is  the re fo re  cons t ruc ted  
of a massive concrete  outer  s h e l l  with an aluminum inner  s h e l l ,  I n  
t h i s  f a c i l i t y  t h e  d i f f u s i o n  pumps a r e  placed i n  the  chamber f l o o r  
r a t h e r  than i n  the  w a l l s .  The loca t ion  of t he  pumps presents  one 
of the  major disadvantages of the Space Propulsion F a c i l i t y  f o r  
t e s t i n g  ALSS Payloads. The inner  chamber diameter of 100 f e e t  
provides the  minimum s i z e  f o r  a deployment t e s t  of the  LEN Truck 
and LRV but  the  add i t ion  of a moving sun w i l l  reduce the  ava i l ab le  
working a rea  i n  t h i s  chamber. 

The chamber is a hemispherical  domed double-walled cy l inde r ,  
The outs ide  cy l inde r  of concrete  cons t ruc t ion  is intended f o r  rad ia-  
t i o n  sh ie ld ing ;  it a f fo rds  no advantage f o r  t he  ALSS test purposes. 
The in s ide  cy l inde r  has  a nominal diameter of 100 f e e t ,  but  due t o  
the  loca t ion  of t he  d i f f u s i o n  pumps i n  the  f l o o r ,  the a c t u a l  usable  
su r face  a rea  shown on Figure V - 1  i s  50 f e e t  by 100 f e e t ,  The a d d i t i o n a l  
working a rea  shown on Figure V - 1  i s  p re sen t ly  u t i l i z e d  as a chamber 
entrance through a small  one-man a i r l o c k  system. 

Figure V-2 shows t h e  e f f e c t i v e  working area wi th  the  46 f o o t  
LRV i n  p lace  and the  s o l a r  s imula t ion  a t  morning o r  evening pos i t ion .  
The LRV could be posi t ioned wi th in  the  s o l a r  beam t o  allow r a d i a t i o n  
of any s e l e c t e d  veh ic l e  module; l ikewise the re  is s u f f i c i e n t  width 
of working area  t o  t u r n  the  v e h i c l e  to  secure  any des i r ed  o r i en ta -  
t i o n  t o  the  beam. However., i f  t he  LRV is turned 90' and s t i l l  
posi t ioned on the  50 f o o t  by 100 f o o t  working sur face ,  t h e  f r o n t  of t h e  
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veh ic l e  w i l l  only be about 4 f e e t  from the  s o l a r  s imulator .  
d i s t ance  of a t  least 20 f e e t  should be maintained from the  s imulated 
s o l a r  source t o  the  test o b j e c t  i n  order  t o  provide beam uniformity 
and provide a b e t t e r  view f a c t o r .  A poss ib l e  s o l u t i o n  t o  t h i s  
problem i s  t o  d i sp l ace  the veh ic l e  t o  t h e  opposi te  s i d e  of the 
chamber as i l l u s t r a t e d  i n  Figure V-3 .  This p o s i t i o n  is  poor because 
the  p la t form support ing the  veh ic l e  o r  the  veh ic l e  i t s e l f  w i l l  block 
some of the  d i f f u s i o n  pumps, Unlike mechanical vacuum pumps, t he  
high vacuum d i f f u s i o n  pump must have a good view angl  
chamber i n  order  t o  capture  and pump a i r  mole 
t o  the  pumping loss caused by t h e  loca t ion  of RV, the s o l a r  
s imulat ion u n i t  w i l l  degrade a d d i t i o n a l  pumps near  the  North 
o r  South horizon,  U t i l i z i n g  t h i s  arrangement and wi th  a working 
a rea  s u f f i c i e n t  t o  conta in  t h e  LRV, t h e  maximum number of pumps 
w i l l  be blocked when the  sun is  on the nor th  hef izon and t h e  LRV 
i s  or ien ted  a t  4 5 O  t o  the  inc iden t  l i g h t .  

A 

Figure V - 4  i l l u s t r a t e s  t he  LEM Truck i n  t e s t  pos i t i on ,  A l l  
c learances a r e  s a t i s f a c t o r y  and the LEX Truck may be qested i n  the  
chamber without phys ica l  d i f f i c u l t y .  

An east-west (EW) t es t  o r i e n t a t i o n  is shown i n  Figure V-5 .  I n  
t h i s  conf igura t ion  the  d i s t ance  between thefkont  of the LRV and the  
s o l a r  source i s  adequate (approximately 27 f e e t )  and i f  the veh ic l e  
i s  ro t a t ed  f o r  d i f f e r e n t  s o l a r  o r i e n t a t i o n s  none of t he  d i f f u s i o n  
pumps w i l l  be blocked. Figure V-6 shows t h a t  a d i s t ance  of up t o  
45 f e e t  between s o l a r  source and LEM Truck may be obtained i n  t h i s  
t e s t  o r i e n t a t  ion. 

Figure V-7 i l l u s t r a t e s  a v e r t i c a l  s e c t i o n  of t he  Space P r  
s ion  F a c i l i t y  wi th  the  LEM Truck and LRV i n  place.  The v e r t i c a  
he ight  t o  t he  beginning of the dome s t r u c t u r e  is  122 f e e t .  The 
h ighes t  t e s t  ob jec t  which is  the  loaded LEM Truck with legs  deployed 
h s a he ight  of 22 f e e t .  Allowing a 20 foo t  s epa ra t ion  between 
t t s t  objec t  and s o l a r  source p lus  20 f e e t  f o r  the  phys ica l  s i z e  
of source i t s e l f  produces a system he igh t  requirement of 6 2  f e e t .  
The Space Propuls ion F a c i l i t y  the re fo re  has more than s u f f i c i e n t  
he igh t  f o r  a l l  ALSS systems t e s t s .  

Chamber Entrance 

There a r e  two l a rge  doors f o r  en t rance  i n t o  the  chamber. Each 
door has a nominal opening of 50 f e e t  by 50 f e e t .  A door with a 
LEM Truck i n  p o s i t i o n  is shown i n  Figure V-8 .  
l e a s t  e i g h t  f e e t  c learance  between the  LEM Truck legs  and the  door 
opening and 28  f e e t  from the  top of the  LEN Truck t o  the top of the 
door opening. 
f o r  attachment of the equipment a i r l o c k ,  it can be concluded t h a t  
the  present  Space Propuls ion F a c i l i t y  door s i z e  i s  s u f f i c i e n t  t o  
admit any of the  ALSS equipment. 

There w i l l  be a t  

Disregarding the  poss ib l e  door modif icat ions requi red  
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Vacuum 

This t e s t  f a c i l i t y  meets t h e  requirement f o r  a minimum operat-  
i ng  pressure  of 10-8 t o r r  wi th  chamber empty. 
maintain a vacuum of 10-5 t o r r  during t e s t i n g  because of two major 
f ac to r s .  
The second is  t h e  oxygen and hydrogen leakage from the  LRV hydro- 
gen/oxygen f u e l  c e l l  and f u e l  s to rage  system. 

However, it cannot 

The f i r s t  i s  the  oxygen outgassing of t h e  LRV (MOLAB). 

The pumping capac i ty  of t h i s  f a c i l i t y  is  as follows: 

Diffusion Pumps.. . . *. * .  . . . .1.5 x LO6 l i ters /sec 
100°K Condensibles LN,. . . . .500 x 106 l i ters /sec 
20°K Condensibles G He.. e e .None 

Calculat ions i n  Chapter I V  ind ica ted  t h e  requi red  capac i ty  of 
t he  100°K condensibles i n  the  chamber h e a t  s i n k  w a l l s .  There i s  
i n s u f f i c i e n t  d i f f u s i o n  pump capac i ty  t o  account f o r  t h e  20°K 
comdensibles which may t o t a l  3,81 x 106 l i ters/sec.  I 

Heat Sink (100°K) 

Liquid n i t rogen  cool ing is  provided i n  t h e  chamber w a l l s  t o  
produce a su r face  temperature of approximately 100°K.  It is  
a n t i c i p a t e d  t h a t  t h i s  su r f ace  w i l l  be t r e a t e d  wi th  a coa t ing  t o  
provide the  requi red  o p t i c a l  c h a r a c t e r i s t i c s  f o r  a r ad ia t ion  
hea t  s ink.  These c h a r a c t e r i s t i c s  m e e t  t h e  requirements of t he  
T e s t  Philosophy, paragraph 8.3,1.4. The capac i ty  of t h e  hea t  
s i n k  does not  m e e t  o ther  demands i n  hea t  load d i c t a t e d  by f a c t o r s  
discussed below. 

Lunar Plane Temperature Control 

The requirement of a temperature range of t250"F t o  -250°F 
equiva len t  t o  t h a t  occurr ing on t h e  lunar su r face  demands gaseous 
n i t rogen  cool ing  f o r  s imula t ion  of the  lunar n i g h t  sur face  temperature. 
It w i l l  a l s o  r equ i r e  e l e c t r i c a l  s t r i p  hea t ing  t o  supplement s o l a r  
s imulat ion f o r  lunar  day su r face  temperature. To accura te ly  s imulate  
condi t ions,  t h e r e  must be a programmed thermosta t ic  con t ro l  on a 
u n i t  area bas i s .  This con t ro l  on a u n i t  area bas i s  must be pro- 
vided t o  assure  approximate lunar  sur face  temperature i n  s p i t e  of 
shadowing by t h e  test  veh ic l e  or other  unnatural  g rad ien ts  r e s u l t -  
i ng  from hea t  build-up or h e a t  losses ,  The f a c i l i t y  as now designed 
makes provis ion f o r  lunar  su r face  cool ing by l i q u i d  ni t rogen.  It 
does not provide a l l  t he  f ea tu res  of lunar  plane temperature c o n t r o l  
which are necessary t o  m e e t  t h e  requirements of t h e  T e s t  Philosophy. 
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V i e w  Factor  

This f a c i l i t y  does not  reproduce thermal condi t ions apprgxi- 
mating the  lunar  environment. N o  p rovis ion  i s  made t o  accu ra t e ly  
approximate a lunar  su r face  extending t o  the  horizon o r  t o  assure 
a space h e a t  s i n k  f o r  a near f u l l  hemisphere. The l imi t ed  lunar  
plane,  and the  d i f f u s i o n  pump area  preclude the  f i r s t  condi t ion.  
Likewise, the  in t roduct ion  of a moving sun panel i n  the  present  
working envelope would l i m i t  an appreciable  a rea  of the  simulated 
space h e a t  s ink .  

Manra t in& 

This f a c i l i t y  does n o t  have manrating f e a t u r e s ;  however, man- 
r a t i n g  can be provided. 

Sustained Operation 

The chamber i s  designed f o r  90 day sus ta ined  tes t  operat ion.  
Therefore,  i t  can be assumed t h a t  t he  chamber meets1 the two week 
sus ta ined  operat ion requirement f o r  those loads and condi t ions f o r  
which i t  is  designed. 

10 Kw Heat Load 

This f a c i l i t y  i s  provided with 3,750,000 BTU/hr r e f r i g e r a t i o n  
minus 512,000 BTU/hr d i f f u s i o n  pump b a f f l e  hea t  load. 
mated t h a t  the  t o t a l  load i s  as follows: 

It i s  esti- 

Heat Loss Thru Chamber Walls 94 Kw 

So la r  Beam 55 Kw 

So la r  Simulator (based on mean 475 Kw 
degradat ion of lamps) 

I R  Beam 8 2  KW 

I R  Panel 246 Kw 

T e s t  Article Power 10 Kw 

Vehicle Exercise  System 5Kw 

Radiat ion from Lunar Plane 545 Kw 

Tota l  1512 KW (5.15 x lo6 BTU/hr) 

The above f igu res  i n d i c a t e  t h a t  t h e r e  i s  inadequate r e f r i g e r -  
a t i o n  a v a i l a b l e  t o  m e e t  the  t o t a l  demand, 
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Chamber Clearance 

The s i z e  of t he  chamber is  s u f f i c i e n t  t o  provide a c l e a r  d i s -  
tance of f i v e  f e e t  between a r t i c l e s  being t e s t e d  and the  chamber 
w a l l .  

So la r  S imula t ion 

So la r  s imula t ion  i s  no t  included i n  the c u r r e n t  cons t ruc t ion  
program; however, i t  is  proposed f o r  t he  NASA Lewis  Research 
Center FY 66 Budget program t o  be i n s t a l l e d  f o r  use i n  1967. The 
s o l a r  s imulat ion as planned by NASA LRC would n o t  serve as a simu- 
l a t e d  moving sun, and would no t  include extension of t he  s o l a r  
spectrum beam by a supplementing thermal beam. Because of the  
requirements f o r  nuc lear  engine tests, the s o l a r  s imulat ing modules 
m u s t  be loca ted  i n  the  chamber and f ab r i ca t ed  from low neutron c ross  
s e c t i o n  ma te r i a l s .  For t h i s  f a c i l i t y  "canned" 5KW Xenon lamp modules 
have been conceived by Honeywell. These modules a r e  discussed i n  
Chapter I V ,  and the  module proposed by t h i s  s tudy f o r  th9"moving 
sun" concept would u t i l i z e  t h e  5KW "canned" module. 
concept provides f o r  a l t e r n a t e s  of overhead and s i d e  sun by a l t e r -  
na t e  assembly pos i t i ons  f o r  lamp modules. The t o t a l  a r ea  of 
i r r a d i a t i o n  planned by the Lewis  Research Center is  500 square f e e t ,  
and the  module racks w i l l  be designed t o  permit f l e x i b i l i t y  i n  
e s t a b l i s h i n g  t h e  t a r g e t  pa t t e rn .  The 5KW module, and the  nes t ing  
of modules has  been schematical ly  shown i n  Figures A-7 and A-8. 

The Honeywell 

The t a r g e t  r a d i a n t  i n t e n s i t y  w i l l  be ad jus t ab le  from 0.5 t o  
1 . 2  s o l a r  cons tan ts  which includes the T e s t  Philosophy requirement 
f o r  ALSS Payloads of 140 w a t t s  p e r  square foot .  

Hence, i t  i s  seen t h a t  t h e  f a c i l i t y  a s  designed does not  provide 
f ea tu res  required by the ALSS Tes t  Philosophy. Revision i n  concept 
of the  s o l a r  s imula t ion  system would be necessary.  

Earth Shine 

No c a p a b i l i t y  e x i s t s  o r  i s  planned by Lewis  Research Center f o r  
e a r t h  sh ine  s imulat ion.  

Test Object Or ien ta t ion  

The Space Propulsion F a c i l i t y  is n o t  equipped with any means 
f o r  t he  o r i e n t a t i o n  of a t es t  ob jec t .  
accomplished by manual t e s t  ob jec t  movement o r  i n  the  case  of the  
LRV o r i e n t a t i o n  may be accomplished by se l f -propel led  movement. 

Or i en ta t ion  would have t o  be 
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Solar  Horizontal  Azimuth Or ien ta t ion  

I n  the present  design there is  no method,such a s  a turn tab le ,  
f o r  providing test objec t  o r i e n t a t i o n  w i t h  r e s p a t  t o  the simulated 
s o l a r  beam. The moving sun concept, however, e l imina tes  t h i s  need. 

Lunar S o i l  Simulant 

The incorporat ion of a lunar  s o i l  simulant i n t o  a space s imi i -  
l a t i o n  chamber i s  discussed i n  Chapter I V  Sect ion C. 
cated t h a t  t he  two p r i n c i p a l  bene f i t s  t o  be derfved from the use of 
the  s o i l  simulant would be a means f o r  t r a f f i c a b i l i t y  tests and 
the  s imulat ion of lunar  sur face  thermal condi t ions.  

It was ind i -  

The Space Propulsion F a c i l i t y  is  not  present ly  designed f o r  
the use of a lunar  s o i l  simulant. The main object ion t o  the  use 
of a lunar  s o i l  simulant i n  the  chamber a s  present ly  designed i s  
due t o  the  loca t ion  of the d i f fus ion  pumps i n  a por t ion  of t he  
chamber f loo r .  

The thermal view f a c t o r  of the  pump area  of the chamber f l o o r  
i s  such t h a t  a minor improvement provided by a s o i l  simulant i n  the 
working area  would be of l i t t l e  benef j t .  Since the  advantages of a 
lunar  s o i l  simulant a r e  marginal f o r  t e s t i n g  ALSS Payloads, t he  use  
of a s o i l  simulant i n  the  Space Propulsion F a c i l i t y  i s  not  recommended. 

Surface Treatment 

The Space Propulsion F a c i l i t y  working area  has an aluminum floor 
which would have an a / e  r a t i o  of 3.00 o r  higher.  
i s t i c  w i l l  cause an inco r rec t  temperature condi t ion under s o l a r  
simulation. One modification would be t o  pa in t  the f l o o r  with 
f l a t  black epoxy r e s i n  pa in t ,  which on aluminum produces an approx- 
imate a = .951, e = .89 (a/e  = 1.07) while possessing s u f f i c i e n t  
mechanical s t r eng th  f o r  use on a lunar plane. 

This character-  

The thermal conduct ivi ty  of the  lunar  sur face  i s  extremely low 
(1-3 x 
F a c i l i t y  f l o o r  of aluminum is approximately .4  cal/cm2/sec/degree C. 
A possible  so lu t ion  would be t o  provide extensive in su la t ion  between 
the  f l o o r  and a new low thermal conduct ivi ty  lunar  plane and i n s t a l l  
f l o o r  c o i l s  f o r  a l i qu id  n i t rogen  system f o r  f l o o r  cooling. 
extensive modifications required do not  appear warranted f o r  t h i s  
s l i g h t  increase i n  test accuracy. The thermal conduct ivi ty  e f f e c t s  
of the lunar sur face  may be reasonably simulated by use of i n su la t ing  
pads under the  tes t  objec ts .  

cal/cm2/sec/degree C ) while t h a t  of the  Space Propulsion 

The 
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Equipment Air lock 

There is no equipment a i r l o c k  as requi red  f o r  Major Systems 
Testing. A concept f o r  an a i r l o c k  has been developed and i s  shown 
on the  drawings f o r  modif icat ion of the  Space Propulsion F a c i l i t y .  

Vehicle Exercise  System 

No veh ic l e  exe rc i se  system i s  included i n  t h e  present  design. 
A system such as a dynamometer can be i n s t a l l e d  on t h e  wurking 
su r face  f o r  exercise of the  LRV. 

2. CCJMBINED SYSTEMS TESTING 

Working Envelope 

The working area  requirements a r e  more severe f o r  Combined 
Systems Tes t ing  than f o r  Major Systems Test ing.  It is  phys ica l ly  
poss ib l e  t o  p o s i t i o n  both t h e  LRV and the  LEM Truck on the  50 f o o t  by 100 
f o o t  working su r face  i n  a tandem arrangement. The minimum d i s t ance  
requi red  is  79  f e e t .  U t i l i z i n g  a ramp f o r  the  unloading operat ion,  
t he  minimum d i s t ance  requi red  f o r  a deployment test  is 9 1  f e e t .  
For t h i s  condi t ion  the  5 f o o t  c learance  cannot be maintained between 
each tes t  ob jec t  and t h e  chamber w a l l ,  n e i t h e r  is  the re  room f o r  a 
20 foo t  diameter t r a n s l a t i n g  s o l a r  s imulator .  The space i n  which 
t o  maneuver t h e  LRV w i l l  be very l imited.  The view f a c t o r  t o  the  
chamber wa l l s  is inadequate due t o  the  c l o s e  proximity of t he  test  
ob jec t s  t o  the  wa l l s .  The view f a c t o r  t o  the  lunar  plane i s  l imi t ed  
due t o  the loca t ion  of the  d i f f u s i o n  pumps i n  the  f l o o r .  

Chamber Entrance 

Same as f o r  Major Systems Test ing 

Vacuum 

The vacuum requirements f o r  Combined Systems Test ing a r e  
e s s e n t i a l l y  the  same  f o r  Major Systems Test ing.  The major problem 
w i l l  be a d d i t i o n a l  oxygen and hydrogen leakage from two veh ic l e  
engine f u e l  systems ins t ead  of one (LEN Truck and LRV) . This con- 
d i t i o n ,  a s  w e l l  as  condi t ions  f o r  Major Systems Testing, w i l l  pre- 
c lude meeting the  T e s t  Philosophy requirement of 
during t e s t i n g .  
system, i t  i s  est imated t h a t  t he  following add i t iona l  pumping load 
w i l l  appear: 

t o r r  vacuum 
Based on a LEM 2.5 KW hydrogen-oxygen f u e l  c e l l  

Oxygen leakage 

Hydrogen leakage 

.21 x lo6  l i ters/sec 

0 .4  x lo6  l i ters/sec 
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Pumping Capacity 

Pumping capac i ty  f o r  20°K Condensibles w i l l  be i n s u f f i c i e n t  f o r  
Combined Systems Test ing f o r  t he  reasons out l ined  i n  the above 
paragraph. I n  addi t ion ,  blocking of d i f f u s i o n  pumps may occur i n  
pos i t i on ing  the  t e s t  veh ic l e s  €or c e r t a i n  s o l a r  s imula t ion  t e s t s .  

To ta l  Requirement 4.21  x lo6  l i t e r s / s e c  

Dif fus ion  Pumping 1.5 x 10 l i ters/sec 

Addit ional  Capacity Required 2.71 x 10 l i t e r s l s e c  

6 

6 

Heat Sink (100'K) 

Same as f o r  Major Systems Tes t ing ,  

Lunar Plane Temperature Control  

Same as  €or  Major Systems Testing. 

View Factor  

The problem of view f a c t o r  i s  compounded i n  Combined Systems 
Testing. This i s  p a r t i c u l a r l y  t r u e  where pos i t ion ing  vehic les  f o r  
c e r t a i n  s o l a r  s imulat ion tests places  the  veh ic l e  s ides  d i r e c t l y  
ad jacent  t o  the d i f f u s i o n  pumps or  immediately adjacent  t o  the 
chamber w a l l s  (See Figure G-1). 

Manrat ing  

Same as f o r  Major Systems Testing. 

Sustained Operation 

Same as  f o r  Major Systems Test ing.  

10 KW Heat Load 

Same as f o r  Major Systems Test ing.  There w i l l  be an increase  
of 2.5 KW i n  hea t  load assoc ia ted  with the LEN power p l an t .  

Chamber Clearance 

The s i z e  of the  chamber is  not  s u f f i c i e n t  t o  provide the  5 f o o t  
c learance  between the chamber sur faces  and the  test  objec t  when 
considered i n  conjunction with the  space required f o r  t he  s o l a r  
s imulat ion and the  test ob jec t s .  
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Sola r  Simulation 

Same as  f o r  Major Systems Testing. 

Ear th  Shine 

Same as  f o r  Major Systems Testing. 

T e s t  Object Or i en ta t ion  

Same a s  f o r  Major Systems Testing. 

So la r  Hor izonta l  Azimuth Or ien ta t ion  

Same as f o r  Major Systems Test ing.  

Lunar S o i l  Simulant 

Same a s  f o r  Major Systems Testing. 

Surface Treatment 

Same as  f o r  Major Systems Testing. 

Equipment Air lock 

None is  requi red  f o r  Combined Systems Test ing,  

Vehicle Exercise System 

Same a s  f o r  Major Systems Testing. 
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B. SPACE ENVIRONMENT SIMULATION FACILITY, CHAMBER A 
NASA MANNED SPACECRAFT CENTER, HOUSTON, TEXAS 

1. MAJOR SYSTEMS TESTING 

Working Envelope 

The NASA Manned Spacecraf t  Center Chamber A i s  t h e  second 
l a r g e s t  chamber t h a t  w i l l  be ava i l ab le  i n  t h i s  country i n  t h e  
near  fu ture .  
f o r  t he  Space Propulsion F a c i l i t y  i s  appl icable  t o  the  Chamber A 
f a c i l i t y .  Chamber A has a diameter of 65 feet  containing a turn-  
t a b l e  of 45 f e e t  diameter. This compares t o  a 100 foo t  diameter f o r  
t h e  Space Propulsion F a c i l i t y  wi th  a 50 f o o t  by 100 f o o t  working area. 
Figure V-9 i l l u s t r a t e s  t h e  Chamber A f l o o r  area wi th  an  LRV i n  
test  pos i t ion .  
f o o t  diameter t u r n t a b l e  but t h e r e  w i l l  be a s l i g h t  overhang. To 
properly accommodate t h e  LRV and maintain t h e  5 f o o t  c learance t o  
chamber sur faces ,  t he  LRV should not  exceed 43 f e e t  i n  leqgth.  The 
t u r n t a b l e  i s  capable of supporting a centered test v e h i c l e  load of 
150,000 pounds o r  an of f -center  load of 40,000 pounds. The turn-  
t a b l e  can the re fo re  e a s i l y  support  and p o s i t i o n  t h e  LRV weight of 
6500 pounds without any modification. 
t u r n t a b l e  of Chamber A can accommodate the LRV, there remains a 
problem of pos i t ion ing  t h e  LRV i n  s a t i s f a c t o r y  r e l a t i o n s h i p  wi th  
t h e  s o l a r  s imulat ion system. 
s i d e  sun s o l a r  source i s  24 feet  (minimum of 20 f e e t  d e s i r  

when t h e  LRV i s  E-W o r  broadside t o  t h e  s o l a r  source. Thi 
adequate, but when t h e  LRV i s  posi t ioned i n  t h e  N-S d i r e c t i o n  f o r  
i l lumina t ion  of t h e  f r o n t  o r  rear of t he  veh ic l e ,  t he  clearance 
between LRV and s o l a r  source i s  approximately 9 f e e t ,  This assumes 
t h e  veh ic l e  i s  pos i t ioned  i n  the center  of t he  turn tab le .  
placed t o  the  f a r  s i d e  of t h e  chamber (without t h e  5 f o o t  c learance 
from t h e  wal l )  and s t i l l  t e s t e d  i n  t h e  N-S p o s i t i o n  the  clearance 
w i l l  s t i l l  be less than 18 feet. The complete LRV cannot be t e s t e d  
f o r  a l l  ho r i zon ta l  s o l a r  o r i en ta t ions  i n  Chamber A. One o r  two 
modules of t h e  LRV could be t e s t e d  a t  a t i m e .  

The lack of c a p a b i l i t y  with respec t  t o  s ize  

The 46 f o o t  long LRV can be accommodated on t h e  45 

Although t h e  f l o o r  area and 

The d is tance  between t h e  LRV and t h e  

I f  d i s -  

The LEM Truck may be t e s t e d  i n  Chamber A without c learance 
d i f f i c u l t y  as shown i n  Figure V-10. I f  pos i t ioned  with a p a i r  of 
landing l e g s  i n  t h e  N-S d i r e c t i o n ,  t he  clearance between the  s o l a r  
source and t h e  base of t h e  l e g  w i l l  be 16 f e e t  i n s t ead  of t h e  de- 
s i r e d  20 f e e t  but  t h i s  should not  be a se r ious  problem. The turn-  
t a b l e  i s  capable of providing des i red  o r i e n t a t i o n  t o  t h e  s o l a r  source. 
I r r a d i a t i o n  a t  one t i m e  of t h e  e n t i r e  sur face  of t h e  LEM Truck o r  LRV 
i s  not  poss ib le ,  s ince  t h e  present  s i d e  sun i s  only 13 f e e t  wide; 

the  f u t u r e  sun of 20 f o o t  width w i l l  i r r a d i a t e  t h e  s h e l l  of t h e  LEM 
Truck but only a po r t ion  of t h e  l egs  and only a module of t he  LRV. 
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Chamber Entrance 

o the  chamber through the  40 foo t  diameter door i s  
s u f f i c i e n t  t o  permit en t ry  of t h e  ALSS equipment items. 

Vacuum 

Paragraph 8.3.1.1 of the  T e s t  Philosophy demands a vacuum of 
t o r r  with t h e  chamber empty and lom5  t o r r  during t e s t ing .  

Based upon a v a i l a b l e  pumping capacity,  it can easonably be assumed 
that t h i s  f a c i l i t y  can achieve a vacuum of lo-’ t o r r  with t e 
chamber empty. However, it cannot maintain a vacuum of lo-’ t o r r  

ing under a l l  conceivable condi t ions because of t he  
oxygen outgassing of t he  LRV and because of t he  oxygen 

and hydrogen leakage from the  LEM Truck hydrogen oxygen f u e l  c e l l  
and f u e l  s torage  system. 

Pumping Capacity 

The pumping capaci ty  of t h i s  f a c i l i t y  i s  as follows: 

b i f f u s i o n  pumps - .35 x lo6 liters/sec 

100°K Condensibles (LN) - 300 x 10 l i t e r s / s e c  

20°K Condensibles (GHe) - 3 x lo6 l i t e r s / s e c  

6 

With ca re fu l  s e l e c t i o n  of materials, cleaning and bakeout procedures, 
t he re  i s  s u f f i c i e n t  pumping capaci ty  f o r  t h e  l O O O K  condensibles i n  
t h e  chamber hea t  s ink  w a l l s .  However, t he re  i s  i n s u f f i c i e n t  com- 
bined d i f fus ion  pump capaci ty  and +helium cryopanel capaci ty  (combined 
3.35 x 10 
leakage, t h e  10 KW liydrogen-oxygen f u e l  cel l  leakage, and miscella- 
neous leakage and outgassing (3.81 x LO6 liters/sec). 
mination i s  based on ca l cu la t ions  i n  Chapter I V ,  Section F, 

6 l i t e r s / s e c )  t o  account f o r  t he  combined LRV oxygen 

This de te r -  

H e a t  Sink (1OOOK) 

Liquid n i t rogen  cooling is  provided i n  t h e  chamber walls t o  pro- 
duce a sur face  temperature of 100°K. 
coated t o  meet t h e  requirement f o r  high emiss iv i ty  and low out- 
gassing. 
viewed by t h e  veh ic l e  should cons i s t  of hea t  sinks. 
of a 49 f o o t  by 20 f o o t  i n f r a r e d  a r r ay  would se r ious ly  l i m i t  t he  

chamber. 
hea t  s ink  capaci ty  of 280 KW which i s  inadequate f o r  t he  t o t a l  maxi- 
mum test load which has been determined t o  be as high as 490 KW. 
Addition of t he  49 foo t  by 20 f o o t  i n f r a red  panel would f u r t h e r  increase  
t h e  hea t  load. 

Liquid n i t rogen  panels are 

To the  maximum p r a c t i c a l  ex ten t  a l l  sur faces  i n  t h e  chamber 
The in t roduct ion  

i e w  i n  add i t ion  t o  imposing a l a r g e  hea t  load wi th in  t h e  
The l i q u i d  n i t rogen  r e f r i g e r a t i o n  system present ly  has a 
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Paragraph 8.3,1.7 of the  T e s t  Philosophy r equ i r e  
lunar  plane sur face  temperature which i s  v a r i a b l e  from 
-250'F. The Chamber A lunar  ane sur face  temperature 
cont ro l led  on a modular b a s i s  om -28O0F t o  +26O0F. I 
i s  made f o r  programming this 
e r a t u r e  bas i s  similar t o  Figur  
A LUNATION ON LUNAR CENTRAL ME 
should m e e t  a l l  of the  deman Philosophy. 

e r a t u r e  cont ro l  on a t i  
SURFACE VARIATION WRING 
lunar  temperature cont r  

View Factor  

I n  order  t o  reproduce cond i t i  proximating t h e  lunar  envi  
onment, i t  is  necessary from t h e r  onsiderat ions t h a t  test art  
have a view f a c t o r  of a simulated r sur face  extending t o  the  
horizon and of deep space hea t  s i  
The l imi ted  lunar  plane does not  
f i r s t  condition. 

a near' f u l l  hemisphere. 
good approximation of the  

Manratinq 

The manrating c h a r a c t e r i s t i c s  of t h i s  f a c i l i t y  have been estab-  
l i shed  as t h e  c r i t e r i a  f o r  manrating as spec i f ied  i n  paragraph 
8.3.1.11 of t he  T e s t  Philosophy. 

Sustained Operation 

Paragraph 8,3.1,4 of the T e s t  Philosophy requi res  a pumping 
system capable of operat ing continuously f o r  a period of a t  least 
two weeks, 
environment f o r  a period of 30 days. 
i n  t h i s  connection w i l l  be t h e  sus ta ined  leakage of 20'K condensibles 
which may r e s u l t  i n  excessive build-up on helium crydpanel surfaces.  
For example, i n  a two-week period the  oxygen leakage from the,LRV 
alone w i l l  r e s u l t  i n  a build-up of 168 pounds of l i qu id  oxygen 
(based on 12 lb/day leakage r a t e ) ,  

This f a c i l i t y  i s  designed t o  provide uninterrupted test 
However, one ser ious  problem 

10 KW Heat Load 

Paragraph 8,3.1.4 of t h e  T e s t  Phtlosophy requi res  t h a t  t h e  f a -  
c i l i t y  make provis ion f o r  a r a d i a t i o n  hea t  s ink  cons is t ing  of ab- 
sorbing w a l l s  cooled t o  100°K o r  lower, and capable of absorbing 

with a 280 KW capaci ty  f o r  t h e  chamber hea t  sink. 
estimated t h a t  t he  t o t a l  maximum hea t  load is as follows: 

a 10 I(w hea t  load from t h e  test  a r t i c l e .  This f a c i l i t y  i s  provided 
It has been 
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H e a t  Loss (Pumping, piping, chamber) 

Solar  Beam 
(Based on 20' diameter as 
l a r g e s t  load) 

Solar  Simulator 

I R  Beam 

I R  Panel 

Test Ar t ic le  Power 

Vehicle Exercise Sys t e m  

Radiation from Lunar 
Plane @ +250°F 

TOTAL DEMAND 

TOTAL AVAILABLE 

SHORTAGE 

87 Kw 

44 Kw 

342 Kw ( 1 , 1 7  x lo6 BTU/Hr,) 

310 KW 
1 

32 KW 

Chamber Clearance 

Res t r i c t ing  the tes t  ob jec ts  t o  the 45 f o o t  diameter lunar  
plane w i l l  maintain the  5 f o o t  c learance between tes t  ar t ic les  and 
the  chamber s i d e  surfaces .  

Solar  S imu la t ion 

The present  s o l a r  s imulat ion system provides i n i t i a l l y  f o r  a 13 f o o t  
by 33 f o o t  s i d e  sun and a 13 foDt diameter top sun, Provis ion has been 

made f o r  f u t u r e  enlargement of t he  s i d e  sun t o  i r r a d i a t e  an area 20 feet 
by 65 f e e t  and the  top sun t o  i r r a d i a t e  an area 20 f e e t  i n  diameter, The 
increase  i n  s i z e  of t h e  top sun t o  20 f e e t  diameter w i l l  m e e t  t he  
t es t  f a c i l i t y  requirements, except t h a t  there  i s  no provis ion t o  
s imulate  the movement of t he  sun. I n s t a l l a t i o n  of a moving sun 
20 f e e t  i n  diameter i s  not  f e a s i b l e  wi th in  the ava i l ab le  space. 

Inf ra red  Radiation and Earthshine 

Chamber A is not  provided with inf ra red  o r  ear thsh ine  simulation. 
U s e  of an a r r ay  of tungsten lamps f o r  supplementation of t he  s o l a r  
spectrum simulat ing beam is a p o s s i b i l i t y ,  However, due t o  the s i z e  
and configurat ion of the chamber,supplemental r ad ia t ion  t o  provide 
a 20 foot  by 49 f o o t  i r r a d i a t e d  sur face  i s  not  p r a c t i c a l  and would 
r e s u l t  i n  inadequate c learance between t h e  tes t  i t e m  and t h e  array.  
I n  addi t ion ,  the increased hea t  load and t h e  decrement i n  w a l l  view 
f a c t o r  due t o  inc lus ion  of the thermal a r r a y  i n d i c a t e s  t h a t  if 
inf rared  r ad ia t ion  o r  ear thsh ine  s imulat ion i s  provided it should 
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be  on a l o c a l  b a s i s  only as t h e  test may warrant. 
moving ar ray  o r  dupl ica t ion  o r  t r i p l i c a t i o n  of a f ixed  a r r ay  would 
only aggravate t h e  s i t ua t ion .  

Provis ion of a 

Tes t Ob .i ect Or ien ta t ion  

A 45 f o o t  diameter r o t a t i n g  t a b l e  i s  included f o r  o r i e n t a t i o n  
of the  tes t  ob jec t  w i t h  respec t  t o  t h e  s o l a r  s imulat ion s i d e  sun. 

Lunar S o i l  Simulant 

There is  no provis ion f o r  lunar  s o i l  simulant i n  Chamber A. 

How- 
There is  the capab i l i t y  of containing s o i l  simlant t o  a t o t a l  
weight f o r  the simulant and test items of 150,000 pounds. 
ever,  lack of s u f f i c i e n t  area f o r  t r a f f i c a b i l i t y  s tud ie s  precludes 
the  need f o r  lunar  s o i l .  

Surface Treatment 

I n  the  absence of a lunar  soil simulant, a sur face  which has 
the  thermal c h a r a c t e r i s t i c s  of t he  lunar  sur face  would m e e t  t h e  
p r inc ipa l  test requirements o the r  than  means f o r  t r a f f i c a b i l i t y  
s tudies .  As s t a t e d  above the  s i z e  of the  chamber precludes 
t r a f f i c a b i l i t y  s tud ie s ,  therefore  a sur face  treatment t o  s imulate  
the  thermal c h a r a c t e r i s t i c s  of the  lunar  sur face  could be provided. 

Equipment Airlock 

There is  no equipment a i r l o c k  on Chamber A. An a i r l o c k  could 
be  provided but due t o  the  complexity of such an addi t ion  and t h e  
loss  of u t i l i t y  and f l e x i b i l i t y  of the f a c i l i t y  i t s  incorporat ion 
i s  questionable,  

Vehicle Exercise Sys tem 

No veh ic l e  exercise system i s  i I d u d e d  i n  t h e  present  design. 
A system such as a dynamometer could be i n s t a l l e d  on the  lunar  
plane f o r  exerc ise  of t he  LRV, 

2,  COMBINED SYSTEMS TESTING 

Working Envelope 

The working envelope i s  not  of s u f f i c i e n t  s i z e  t o  permit un- 
loading the  LRV and o ther  payloads from the  LEM Truck as required 
f o r  Combined Systems Testing. Even i f  the LRV length-were reduced 
t o  20 feet, t h e  LEMTruck legs  removed and temporary supports pro- 
vided t o  achieve a deployed LEM Truck dimension of l 8 f o o t  diameter i n  
l i e u  of 33 f e e t ,  t he re  i s  i n s u f f i c i e n t  room on the  working sur face  t o  
s a t i s f y  t h e  test requirements. The minimum requi red  f o r  Combined 
Systems Testing i s  79 f e e t ;  a minimum deployment test r e q u i r e s 9 1  
f e e t ,  143 



Chamber Entrance 

Same as f o r  Major Systems Testing. 

Vacuum 

The vacuum l e v e l  requirements f o r  Combined Sys tem Testing are 
The major pro- e s s e n t i a l l y  the  same as f o r  Major Systems Testing. 

blem w i l l  be add i t iona l  oxygen and hydrogen leakage from two 
veh ic l e  engine f u e l  systems ins tead  of one (LEM Truck and LRV), 
It i s  estimated the  LEM engine f u e l  system w i l l  introd.uce the  
following addi t iona l  pumping load: 

Oxygen leakage 

Hydrogen leakage 

.21 x 106 l i ters/sec 

,40 x 1Q6 biters/sec 

Pumping capaci ty  w i l - 1  be i n s u f f i c i e n t  f o r  Combined Systems 
Testing f o r  the reasons out l ined  i n  the above pardgraph, 
estimated t h e  following shortage of pumping capaci ty  f o r  20QK 
condensibles would e x i s t :  

It i s  

Tota l  Requirement 4,21 x 106 l i t e r s / s e c  

Combined Helium Cryopanel 
and Diffusion Pumping 3,35 x 106 l i t e r s / s e c  

6 Additional Capacity Required .86 x 10 l i t e r s / s e c  

Same a s  f o r  Major Systems Testing 

Same as f o r  Major Systems Testing 

View Factor 

The problem of view f a c t o r  i s  compounded i n  Combined Systems 
Testing, This i s  p a r t i c u l a r l y  t r u e  where pos i t ion ing  vehic les  f o r  
c e r t a i n  s o l a r  s imulat ion tests places the  vehic le  s ides  d i r e c t l y  
adjacent  t o  the chamber w a l l s ,  

Manr a t i n g  

Same as f o r  Major Systems Testing 
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Sustained Operation 

Same as for Major Systems Testing 

10 KFI Heat Load 

Same as for Major Systems Testing. There will be an increase 
of 2.5 KW in heat load associated with the LEM Truck power plant. 

Chamber Clearance 

Same as for Major Systems Testing 

Solar Simulation 

Same as for Major Systems Testing 

Infrared Radiation and Earthshine 

Same as for Major Systems Testing 

Test Object Orientation 

Same as for Major Systems Testing 

Lunar S o i l  Simulant 

Same as for Major Systems Testing 

Surface Treatment 

Same as for Major Systems Testing 

Equipment Airlock 

None is required for Combined Systems Testing 

Vehicle Exercise System 

Same as for Major Systems Testing 
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FIGURE V-9 BZE FLOdR AREA FOR CH 
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FIGURk  AVAILABLE FLOOR AREA FOR CHAMBER ctAlr 
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C. AEROSPACE SYSTEMS ENVIRONMENTAL CHAMBER, MARK I, 
U.S. A I R  FORCE ARNOLD ENGINEERING DEVELOPMENT 
CENTER, TULLAHOMA, TENNESSEE 

The Mark I Chamber was  designed pr imar i ly  f o r  t e s t i n g  of space- 
c r a f t .  The chamber i s  42 f e e t  i n  diameter and 82 f e e t  i n  he ight  
with work space dimensions of a nominal 35 f e e t  i n  diameter by 65 
f e e t  i n  height .  Providing f o r  a 5 f o o t  c learance  between t h e  test 
ob jec t  and t h e  cryopanel sur faces  leaves only an area 25 f e e t  i n  
diameter i n  which t o  p l ace  t h e  test  objec t .  This area is  of 
s u f f i c i e n t  s i z e  t o  a l low placement of t h e  LEM Truck without l egs  
deployed but  with payload, o r  t h e  s h e l t e r / l a b o r a t o r y  o r  t h e  lunar  
f l y i n g  vehic le .  The working su r face  area i s  too small t o  p e r m i t  
ind iv idua l  t e s t i n g  of e i t h e r  t h e  1 7  f o o t  wide by 46 f o o t  long LRV 
o r  t h e  LEM Truck with l e g s  deployed, The c r i t e r i a  f o r  test f a c i l -  
i t i e s  f o r  Combined Systems Test ing r equ i r e s  an even l a r g e r  f a c i l i t y  
i n  which t o  conduct unloading opera t ions  of t he  LRV and o the r  pay- 
loads from the  LEN Truck. 

r 

It i s  not  reasonab1.e t o  inc rease  t h i s  f a c i l i t y  i n  s i z e  t o  m e e t  
e i t h e r  t h e  space demands f o r  Major Systems Test ing o r  Combined 
Systems Test ing,  Addition of an  a i r l o c k  would not  provide t h e  
needed added space. 

D, THERMAL VACUUM CHAMBERS OF THE SPACE ENVIRONMENT 
TEST FACILITY, GENERAL ELECTRIC VALLEY FORGE SPACE 
TECHNOLOGY CENTER, VALLEY FORGE, PENNSYLVANIA 

The Thermal Vacuum Chambers c o n s i s t  of t h r e e  sepa ra t e  39 f o o t  
diameter spheres each having a work space equiva len t  t o  a 30 f o o t  
diameter sphe r i ca l  volume which could accommodate a tes t  a r t i c l e  
approximately 2 1  f e e t  i n  diameter by 30 f e e t  high. 
designed s p e c i f i c a l l y  f o r  t e s t i n g  spacec ra f t  under thermal-vacuum 
condi t ions.  The working envelope i s  of s u f f i c i e n t  s i z e  t o  permit 
ind iv idua l  t e s t i n g  of t h e  s h e l t e r / l a b o r a t o r y ,  lunar  f l y i n g  v e h i c l e  
and t h e  LEM Truck without  l egs  deployed but with payload. 

They were 

These chambers are too  small t o  warrant  f u r t h e r  cons idera t ion  
f o r  meeting t h e  tes t  f a c i l i t y  requirements f o r  e i t h e r  Major Systems 
Test ing o r  Combined Systems Testing. Their s i z e  precludes t e s t i n g  
of t h e  46 f o o t  long LRV o r  t h e  LEM Truck with l egs  deployed, 
c r i t e r i a  f o r  t e s t  f a c i l i t i e s  f o r  Combined Systems Test ing r equ i r e s  
an even l a r g e r  f a c i l i t y  i n  which t o  conduct unloading opera t ions  of 
t he  LRV and o the r  payloads from t h e  LEM Truck. 

The 

Due t o  t h e i r  s i z e  and conf igura t ion  i t  is  no t  reasonable  t o  
consider  modif icat ions t o  the  chambers t o  meet t h e  test  f a c i l i t y  
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requirements f o r  e i t h e r  Major Systems Test ing o r  Combined Systems 
Tes t ingo  Chambers of t h i s  type  can be u t i l i z e d ,  however, f o r  
tests of a lesser magnitude. 

E. SOLAR-THERMAL-VACUUM CHAMBER OF THE: SPACE 
ENVIRONMENT SIMULATION LABORATORY, GENERAL 
ELECTRIC VALLEY FORGE SPACE TECHNOLOGY 
CENTER, VALLEY FORGE , P E ~ S ~ V ~ ~  

The Solar-Thermal-Vacuum Chamber w a s  designed f o r  t e s t i n g  of 
spacec ra f t  systems. The Chamber is  32 f e e t  i n  diameter and 54 f e e t  
i n  height .  
chamber i s  a 20 f o o t  diameter sphere,  
i t s  use  f o r  e i t h e r  Major Systems Test ing o r  Combined Systems 
Testing. The s i z e  and conf igura t ion  i s  such t h a t  it i s  no t  
reasonable  t o  consider  modif icat ions t o  the  chamber t o  m e e t  t he  
tes t  f a c i l i t y  requirements,  This chamber can be u t i l i z e d ,  how- 
ever, f o r  smaller scale tests p a r t i c u l a r l y  where a good s o l a r  
s imulat ion source i s  needed, 

The maximum s i z e  a r t ic le  t h a t  can be t e s t e d  i n  t h e  
The chafnber s i z e  precludes 

1 

F. OTHER CHANBERS 

The chambers evaluated i n  s ec t ions  A through E r ep resen t  
t h e  l a r g e s t  f a c i l i t i e s  of t he  type needed f o r  t e s t i n g  t h e  ALSS 
Payloads ,, 

The Space Environment Simulator (Chamber 4 )  and Dynamic T e s t  
Chamber (Chamber 5) a t  Goddard Space F l i g h t  Center,  which approx- 
imate t h e  s i z e  of t h e  General E l e c t r i c  Company 32 f o o t  diameter by 54 
f o o t  high chamber, a r e  no t  l a r g e  enough t o  test the  ALSS Payloads, 

The Centaur Environmental T e s t  Space Power Chamber (Chamber 9) 
which i s  a conversion of a s e c t i o n  of an  a l t i t u d e  wind tunnel  is  
l imi t ed  pr imar i ly  by l ack  of headrooms 
zonta l  cy l inder  has  t h e r e f o r e  no t  been Considered f u r t h e r ,  

This 30 f o o t  diameter hor f -  

The chamber (Chamber 10) o r i g i n a l l y  considered by Marshall 
Space F l i g h t  Center f o r  t e s t i n g  o r  po r t ions  of  the  Saturn i s  no 
longer proposed, 

The t h r e e  f a c i l i t i e s  a t  Langley Research Center Chambers 11, 
12 and 13) are too  small f o r  t h e  ALSS Payloads, These f a c i l i t i e s  
w e r e  no t  intended nor designed f o r  such an  app l i ca t ion ,  nor i s  it 
reasonable  t o  consider  t h e i r  modif icat ion f o r  t h i s  program. 

The Douglas A i r c r a f t  Company's 39 f o o t  diameter chamber 
(Chamber 14) i s  s i m i l a r  i n  s i z e  t o  t h e  t h r e e  spheres a t  t h e  General 
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Electric Space Center. The eva lua t ion  f o r  t hese  chambers i n  para- 
graph D i s  app l i cab le  t o  t h i s  chamber in so fa r  as s i z e  i s  concerned. 
Although t h e  c a p a b i l i t i e s  of t h e  Douglas' chamber varies from t h e  
General Electric chambers, i t  has  been necessary t o  e l imina te  it 
f o r  cons idera t ion  based on phys ica l  s i z e .  

The Aerospace Systems Environmental Chamber, Mark I I A ,  
(Chamber 8) has  been under s tudy f o r  many months. Since construc-  
t i o n  has not  been au thor ized  a r e l i a b l e  f o r e c a s t  cannot be made as 
t o  i t s  conf igu ra t ion  or  a v a i l a b i l i t y .  However, based on t h e  in fo r -  
mation contained i n  Appendix C i t s  proposed s i z e  i s  adequate f o r  
t h e  ALSS Payloads tes t  f a c i l i t y  requirements. 
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CHAPTER V I  

CHAMBER MODIFICATIONS AND COST ESTIMATES 

It w a s  determined i n  t h i s  s tudy t h a t  the Space Propuls ion 
F a c i l i t y ,  NASA L e w i s  Research Center, can m e e t  t he  very  minimum 
requirements f o r  both Major Systems Test ing and Combined Systems 
Test ing i f  c e r t a i n  modif icat ions are made. Such a course of a c t i o n  
i s  economical and f e a s i b l e  i f  implemented immediately, However, 
t h i s  chamber, modified as proposed, would meet only t h e  very  m i n i -  
mum tes t  requirements and would n o t  resemble a chamber designed 
s p e c i f i c a l l y  f o r  ALSS Payloads t e s t i n g .  

It w a s  found impract ical  t o  modify t h e  Space Environment Simu- 
l a t i o n  F a c i l i t y ,  Chamber A, NASA Manned Spacecraf t  Center, t o  m e e t  
the  Combined Systems Test ing requirements. Proposed modif icat ions 
t o  Chamber A a r e  descr ibed f o r  Major Systems Test ing,  

Proposed modif icat ions a r e  based on adapta t ion  of the chambers 
f o r  ALSS Payloads t e s t i n g  without destroying t h e  c a p a b i l i t i e s  f o r  
which they were designed. 

A, SPACE PROPULSION FACILITY, NASA LEWIS RESEARCH 
CENTER, PLUMBROOK STATION, OHIO 

The proposed modif icat ions t o  t h e  Space Propulsion F a c i l i t y  are 
descr ibed below sepa ra t e ly  f o r  Major Systems Test ing and Combined 
Systems Test ing and are shown on Drawings V I - 1  through V I - 7 .  

1. MAJOR SYSTEMS TESTING 

Addition of Mater ia l s  Lock 

The equipment o r  materials lock shown on Drawing V I - 7  is  t h e  
minimum s i z e  f o r  mating t o  the  chamber. The lock has been shown as 
a movable lock f o r  attachment t o  t h e  inner  chamber door. This 
f e a t u r e  is  necessary t o  maintain t h e  i n t e g r i t y  of t h e  nuclear  
r a d i a t i o n  sh ie ld ing  provided by the  l a rge  concrete  door. The pro- 
v i s i o n  of a movable lock allows t h e  use  of t he  concrete  door during 
nuclear  system t e s t i n g ,  Although t h e  lock i s  c lassed  as a movable 
lock, t he  p e c u l i a r i t y  of t h e  chamber precludes t h i s  i n  a c t u a l i t y .  
It would be necessary t o  provide sec t iona l i zed  r i n g  connectors and 
r i n g  seals t o  seal the  annular space between t h e  chamber and chamber 
enclosure.  The connectors would be  flanged f o r  bo l ted  connection, 
however, t o  s e a l  these  s e c t i o n a l  connectors p o s i t i v e l y ,  i t  would be 
necessary t o  weld beads along such f lange  edges, These beads would 
have t o  be  cu t  ou t  t o  remove t h e  connectors, The necess i ty  f o r  
mounting the lock proper on a movable platform wi th  r a i l  t rucks  
r e s u l t s  i n  a f l o o r  l e v e l  1 2  f e e t  above the  tes t  chamber f l o o r .  This 
l i m i t s  t h e  weight handling c a p a b i l i t y  through t h e  lock. 
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The lock i s  provided wi th  a l i q u i d  n i t rogen  cryopanel thermal 
shroud, d i f f u s i o n  pumps and a f l o o r  system containing n i t rogen  
cryopanels. 

Building Revisions 

Building r ev i s ions  are shown on Drawings V I - 5  and V I - 6 .  
movable materials lock would r equ i r e  space f o r  s torage  of t h e  lock 
when n o t  i n  use. 
80 f e e t  by 115 f e e t  loca ted  east of the Assembly Area and connected 
by r a i l  i s  shown on t h e  rev ised  S i t e  Plan,  Drawing VI-1 .  

The 

The a d d i t i o n  of a new sepa ra t e  s to rage  bui ld ing  

The chamber bui ld ing  r ev i s ions  c o n s i s t  of t h e  following: 

a. An i nc rease  of 20 f e e t  i n  t h e  diameter of t he  chamber 
enclosure.  

b, The instrumentat ion and con t ro l  a rea  has  been extended 
east-west by t h e  add i t iona l  20 f e e t  between tes t  chamber enclosure 
main door pockets and extended north up t o  t h e  o f f i c e  wing, I n  
add i t ion  two add i t lona l  f l o o r s  have been added, making a t o t a l  of 
four  f l o o r s  t o  t h i s  area, These are shown on Drawing V I - 5 ,  

c. The assembly area has been extended by one 24 f o o t  bay 
t o  compensate f o r  space l o s t  when the  equipment a i r l o c k  i s  i n  place,  

d. The cryogenics area has been extended t o  provide f o r  a 
complete gaseous helium supply system f o r  new chamber cryopanel in -  
s tal  l a t i o n .  

Addition of Manrating Capabi l i ty  

Manrating f o r  manned occupancy of the chamber r equ i r e s  a manlock, 
an emergency r ep res su r i za t ion  system, add i t iona l  instrumentat ion and 
con t ro l s ,  gas  s torage  f a c i l i t i e s  and assoc ia ted  piping. Possible. 
loca t ions  ‘for t h e  manlock were considered including a movable man-  
lock  mated t o  one of t h e  l a r g e  doors, and t h e  i n t e g r a t i o n  of t h e  
manlock wi th  t h e  decontamination chamber, However, a double manlock 
w a s  added t o  t h e  nor th  s i d e  of the  new chamber and connected t o  t h e  
Instrumentat ion and Control Area, A new s l i d i n g  s h i e l d  door of 
concrete  w a s  added t o  seal t h i s  pene t ra t ion  of the  T e s t  Enclosure. 

A major cons idera t ion  w a s  t h e  loca t ion  of c e r t a i n  i t e m s  f o r  
manrating which it was f e l t  must be i n  t h e  proximity of t h e  manlocks, 
These items are as follows: 
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Environmental Control System (ECS) modules 

Control room, cons is t ing  of cont ro l  panels, bio-medical 
con t ro l s ,  TV, con t ro l  console,  and supporting equipment. 

It i s  des i r ab le  t h a t  t hese  instruments and cont ro ls  be adjacent  
t o  o r  i n t eg ra t ed  with t h e  e x i s t i n g  instrumentat ion and con t ro l  area. 
The loca t ion  as shown on Drawing VI-5 w a s  s e l e c t e d  as the  most 
f e a s i b l e  loca t ion  with the leas t  in te r fe rences .  

Addition of Instrumentat ion f o r  T e s t  Objects 

The ex i s t ing  instrumentat ion system and many of t he  con t ro l s  i n  
t h e  present  f a c i l i t y  can be utilized. However, t h e  complete require-  
ments f o r  monitoring of t h e  LRV and LEM Truck s t r u c t u r a l ,  temperature, 
power, etc. impose increased requirements on t h e  i n s t a l l a t i o n .  It i s  
estimated t h a t  a t o t a l  of 1500 t o  1800 add i t iona l  da t a  channels may 
be required.  

Addition of Solar  Simulation 1 

For modif icat ion of t h i s  f a c i l i t y  t o  m e e t  t he  requirements of t h e  
T e s t  Philosophy i t  i s  proposed t o  incorporate  a moving sun assembly. 
This assembly, shown on Drawing V I - 7 ,  would cons i s t  of an a r r ay  of 
1 2 1  5 JCW Xenon sea led  lamp modules comprising a 20 f o o t  diameter 
center  s o l a r  s imulat ion u n i t  and 328 thermal r a d i a r i o n  1.0 KW Tungsten 
f i lament  lamp modules. The Tungsten f i lament  lamps would be mounted 
i n  two demountable wing banks on each s i d e  of the  s o l a r  s imulat ion 
u n i t  providing an i r r a d i a t e d  area of 20 f e e t  high by 49 f e e t  wide,, 

The center  sun a r r ay  would be contained i n  a gimbal r i n g  mounted 
i n  an arched-frame gant ry  s t ruc tu re .  
ted on each end t o  d r ive  t rucks which move t h e  a r r ay  around t h e  a rch  
frame gantry.  The in t eg ra t ed  s o l a r  and thermal lamp a r r ays  would 
be capable of t racking a t e s t  ob jec t  by gimbaling i n  t h e  plane of 
t h e  a rch  frame. Without t h e  thermal lamp wing a r r ays  the  center  
s o l a r  a r r ay  would be capable of a l s o  t racking ob jec t s  t ransverse  t o  
t h e  arch frame plane,  
d r iven  on a c i r c u l a r  t r ack  around t h e  chamber, 

The gimbal r i n g  would be connec- 

The a rch  frame i t s e l f  would be mounted and 

The e l e c t r i c  power requi red  t o  d r i v e  t h e  moving sun u n i t s  p lus  
power requi red  f o r  the  lamp modules would be furnished by a t r o l l e y  
type system commutated a t  t h e  top of t h e  arch frame. The cont ro l  
c i r c u i t r y  cables  f o r  t h e  lamp module a r r ays  would be reel mounted 
a t  t h e  top of the  arch frame, The coolant  l i n e s  f o r  t h e  lamp modules 
would be f l e x i b l e  metal hose contained i n  reels mounted a t  t h e  top of 
t h e  arch frame. 

The arch frame of t h e  gantry would be composed of f ab r i ca t ed  
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aluminum wi th  t i t an ium spec ia l s .  The power and gear  t r a i n s  of 
d r i v e  u n i t s  would be sealed.  It i s  recognized t h a t  problem areas 
exis t  i n  such a concept, 
t i o n  of t h e  u n i t  a f t e r  nuclear  t e s t i n g  i n  t h e  chamber presents  t h e  
most d i f f i c u l t  problem, 

Of these  t h e  requirement f o r  decontamina- 

Consideration w a s  given t o  t h e  u s e  of three f i x e d  s o l a r  a r r ays  
and a r o t a t i n g  tu rn tab le  i n  l i e u  of t h i s  moving sun concept, How- 
ever, c o s t  of t r i p l i c a t i n g  the  s o l a r  s imulat ion and thermal a r r a y s  
and t h e  c o s t  of a t u r n t a b l e  would be very g r e a t  and y e t  no t  Frovide 
t h e  c a p a b i l i t y  t o  t r ack  tes t  ob jec t s  on t h e  lunar  plane,  

Nitrogen Refr igera t ion  

The following modif icat ions are considered e s s e n t i a l  t o  m e e t  
t h e  demands f o r  n i t rogen  r e f r i g e r a t i o n :  

Basic chamber LN hea t  s ink  1512 KW 
Diffusion pump b a f f l e s  150 KW 

Additional b a f f l e s  f o r  d i f f u s i o n  
pumps 18 @ 4.7 KW each 85 KW 
TOTAL DEMAND 1757 KW 
Ava i 1 ab 1 e 1100 Kw 
ADDITIONAL REQUIRED 657 KW 

Equipment a i r l o c k  cryopanel hea t  s i n k  I 10 Kw 

LN Boil Off Required 
(based on 60% increase)  
Avai lable  R a t e  
ADDITIONAL BOIL OFF REQUIRED 

203,2 gpm 

76.2 gpm 

The t o t a l  r e f r i g e r a t i o h  demand i s  60% g r e a t e r  than t h e  present  
capab i l i t y .  
men t ; 

This would r equ i r e  t h e  following add i t iona l  equip- 

30,000 lb s /h r  Boil Off 
capaci ty  

GN2/LN subcooler 

Increase  i n  LN cryopanel capac i ty  60% 

Tota l  tons of LN r e f r i g e r a n t  
pe r  day @ 203.2 gpm 986 Tlday 

Per 14 days 13,800 T 
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The following modif icat ions are considered e s s e n t i a l  t o  m e e t  t h e  
requirements f o r  a d d i t i o n a l  20°K condensible pumping i n  t h e  bas i c  
chamber : 

Required 20°K condensibles 
Available pumping 

ADDITIONAL REQUIRED 

3,81 x LO6 l i t e r s / s e c  
1,5 x lo6 l i t e r s / s e e  

2,31 x lo6 l i ters/sec 

Present  d i f  f us i on  pumping 1.5 x lo6 liters/sec 
Addit ional  d i f f u s i o n  pumps (12) .42 x LO6 l i t e r s / s e c  
Addition of 1180 sq f t  of panel 
area and 2-1.75 KW H e  r e f r i g -  
e r a t i o n  u n i t s  3.0 x lo6 l i t e r s / s e c  

TOTAL AVAILABLE DIF ICATION 4,92 x 10 l i ters/sec 
RESERVE CAPACITY 1.11 x 106 l i t e r a f s e c  

6 

This reserve i s  considered d e s i r a b l e  s i n c e  it provides  additOona1 panel 
a r ea  f o r  condensate build-up over a two week per iod.  
permits adapta t ion  of a design used i n  an e x i s t i n g  f a c i l i t y .  

Furthermore, i t  

H e  r e f r i g e r a t i  on u n i t s  
Pumping rate 
Leakage rate 

2-1-75 KW 
1700 l b s / h r  

6 l b s / h r  

The following modif icat ions are considered d e s i r a b l e  t o  m e e t  t h e  
requirements f o r  pumping 1 0 0 ° K  condensibles and non-condensibles i n  
the  ma te r i a l s  lock, 

Panels LN l O O O K  condensibles 
(see LN r e f r i g e r a t i o n )  9,4 x 106 l i t e r s l s e c  
6 - 54 inch d i f f u s i o n  pumps .21 x 106 l i t e r s / s e c  
TOTAL PUMPING (lOO°K condensibles 

9,61 x lo6 l i t e r s / s e c  and non-condensibles) 
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Lunar Plane Temperature Control 

The temperature a t  any po in t  on t h e  lunar  su r face  m y  be a 
func t ion  of a number of va r i ab le s ,  These are pr imar i ly  as follows: 

Heat input  from simulated s o l a r  r ad ia t ion ,  

Heat r a d i a t i o n  t o  1 0 0 ° K  hea t  sink. 

Thermal conduct ivi ty  of the  surface.  

Shadowing from t h e  t e s t  a r t ic le ,  

Conduction t o  o r  from t h e  tes t  a r t ic le .  

Radiat ion t o  o r  from t h e  tes t  ar t ic le .  

Control led (programmed) hea t  input ,  

Control led (programed) hea t  removal e 

Under n a t u r a l  condi t ions t h e  v e h i c l e  moves across  t h e  lunar  su r face  
and does no t  appreciably a f f e c t  t h e  su r face  temperature due t o  
shadowing, conduction, o r  r ad ia t ion ,  However, t h e  sus ta ined  posi-  
t i o n  of t h e  test  a r t i c l e  i n  t h e  chamber w i l l  have a decided su r face  
temperature e f f e c t  due t o  these  f a c t o r s ,  Furthermore, t he re  i s  t h e  
add i t iona l  problem of a moving sun which changes shadow pos i t i ons  
and t h e  u n i t  area i n t e n s i t y  of t h e  lunar  f l u x ,  For these  reasons 
provis ion  must be made f o r  t h e  following on t h e  lunar  plane: 

(I) GN cooling flow r a t e  con t ro l  on a u n i t  area bas i s  
i n  t h e  chamber f loo r .  

(2)  Control led e l e c t r i c a l  s t r i p  hea t ing  on a u n i t  area 
bas i s  i n  the  chamber f l o o r ,  

( 3 )  An in t eg ra t ed  programmed c o n t r o l l e r  f o r  GN2 con t ro l  
valves and e l e c t r i c a l  s t r i p  hea t  elements. 

( 4 )  Provis ion f o r  v e r t i c a l  lo7 w a l l  thermal pane ls ,  
heated by e l e c t r i c a l  hea t ing  eleinents and Programmed t o  simulate the  
lunar  plane. These must be in t eg ra t ed  with l i q u i d  n i t roge r  c r y o -  
panels  

(5) Surface and subsurface high thermal conduct ivi ty  t o  
a s su re  homogeneous sur face  temperature between con t ro l  elements. 

Chamber S ize  

A properly proportioned view of t h e  hea t  absorbing w a l l s ,  simu- 
l a t i n g  deep space, and of t h e  t es t  chamber f l o o r ,  s imulat ing t h e  
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lunar  su r face ,  i s  an important t es t  element i n  eva lua t ing  v e h i c l e  
thermal balance. There are a number of f a c t o r s  which w i l l  a f f e c t  
reasonable  s imulat ion of t h i s  condi t ion  i n  t h i s  chamber. These are 
as fol lows:  

a. The d i f f u s i o n  pump f l o o r  w e l l  area. 

b. The s o l a r  panel.  

C. Proximity t o  t h e  chamber w a l l s .  

d. Major protuberances i n  t h e  chamber w a l l ,  view p o r t s ,  
TV cameras, miscellaneous equipage. 

Since it i s  not  f e a s i b l e  t o  extend the  lunar  plane ac ross  t h e  
d i f f u s i o n  pump w e l l s  t h e r e  i s  no p r a c t i c a l  way t o  f u l l y  c o r r e c t  
t h i s  condition. The provis ion  €or add i t iona l  thermal panels  t o  
b e t t e r  t h e  view f a c t o r  and c a r e f u l  pos i t i on ing  of Major Systems 
t e s t  veh ic l e s  would minimize t h i s  deficiency. However, o t h e r  
requirements of t h e  T e s t  Philosophy n e c e s s i t a t e  ex tens ive  modifi- 
ca t ions  t o  the  t e s t  chamber and r e s u l t  i n  a reduct ion  i n  t h e  Working 
area,  I f  such modif icat ions were made, t he  s i z e  of t h e  tes t  chamber 
and tes t  chamber enclosure should be increased thereby c l ea r ing  t h e  
f l o o r  of d i f f u s i o n  pumps and providing use of t h e  e n t i r e  chamber f loo r .  

Vehicle Exercise  System 

No provis ion  i s  made i n  the  design f o r  a v e h i c l e  e x e r c i s e  system. 
U t i l i z i n g  a dynamometer concept no apprec iab le  modif icat ion of t h e  
chamber i s  requi red  f o r  incorpora t ion  of the  VES. 
would be bol ted  i n t o  the  f l o o r  and the necessary electrical  and 
coolant  l i n e s  brought through appropr i a t e  chamber pene t ra t ions .  

The dynamometers 

2. COMBINED SYSTEMS TESTING 

Buildinp Revisions 

The bui ld ing  r ev i s ions  are t h e  s a m e  as f o r  Major Systems Test ing,  
except t h a t  t h e r e  i s  no requirement f o r  an equipment a i r l o c k ,  hence 
no s to rage  space is  needed f o r  t h e  a i r l o c k  and no add i t ion  t o  t h e  
bui ld ing  i s  requi red  t o  compensate f o r  the  l o s s  of space. - 

Addition of Manrating Capabi l i ty  

The modif icat ion i s  t h e  same as f o r  Major Systems Testing. 

Addition of Instrumentat ion f o r  T e s t  Objects 

Addit ional  instrumentat ion is  requi red  f o r  t h e  combinations of 
veh ic l e s  i n  l i e u  of s i n g l e  veh ic l e s  as f o r  Major Systems Test ing,  
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Addition of Solar  Simulation 

The modification i s  t h e  s a m e  as f o r  Major Systems Testing, 

Nitrogen Refr igera t ion  

The following modifications are considered e s s e n t i a l  t o  meet 
t h e  demands f o r  n i t rogen  r e f r ige ra t ion :  

Basic chamber LN h e a t  s ink  
Diffusion pump b a f f l e s  
Additional b a f f l e s  f o r  d i f fus ion  

TOTAL DEMAND 
Available 
ADDITIONAL REQUIRED 

pumps 1 2  c? 4.7 Kw 

LN B o i l  Off Required 
(based on 56% increase)  
Available R a t e  
ADDITIONAL BOIL OFF REQUIRED 

56 KW 
1718 KW 
1100 Kw 
618 KW 

198 gpm 

7 1  gpm 
I 

This requirement i s  less than €or  Major Systems Testing s ince  an 
equipment a i r l o c k  i s  not  required f o r  Combined Systems Testing, 
Since t o t a l  r e f r i g e r a t i o n  i s  56% grea t e r  than the ava i l ab le  r a t e  
a major modif icat ion would be required.  This would n e c e s s i t a t e  
t he  following add i t iona l  equipment: 

GN2/LN subcooler 

Increase i n  LN cryopanel capaci ty  

28,000 lb s /hs  B o i l  Off 
capac Lty 

56% 

Total  tons of LN r e f r i g e r a n t  
per  day c? 198 gpm 965 T/day 

Per 14 days 13,500 T 

Vacuum Pump in& 

'The modif icat ion i s  the  same as  f o r  Major Systems Testing except 
t h a t  t he re  i s  no requirement f o r  addi t iona l  pumping i n  t5e equipment 
air lock, 

Lunar Plane Temperature Control 

The modif icat ion i s  t h e  same as f o r  Major Systems Testings 
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Chamber Size 

The discussion for Xajor Systems Testing is also applicable to, 
To provide a better view factor for the Combined Systems Testing, 

vehicle combinations requires an increase in shell diameter. It 
would be desirable to increase the shell diameter to 141 feet mini- 
mum to achieve required clear diameter inside the cryopanels of 
130 feet. This would require increasing also the concrete test 
enclosure structure a like amount, However, this is economically 
infeasible. 
meter of the chamber to permit installation inside of thermal shrouds 
and cryopanels and allow a clear diameter of 100 feet. Relocation of 
the diffusion pumps to the chamber walls would permit use of the 
entire chamber floor. The relocation of the diffusion pumps to the 
annular space would necessitate adding 5 feet to the existing 15 
feet for an annulus width of 20 feet. The'test chamber would 5e 
increased to 110 feet inside diameter and the test chamber enclosure 
would be increased to 150 feet inside diameter. 

A minimum increase of 10 feet is proposed in the dia- 

Addition of Dynamometer System 

The modification is the same as for Major Systems Testing. 

163 



3. 

The estimated costs for the modifications to the Space Propulsion 
These estimates are based on concept Facility are presented below, 

data only; they have not been prepared on detailed design, Cons 
tion contract, applicable design and development costs are inclu. 
construction impact costs as a result of suspension of work are no& 
included, Costs for redesign have been based only on those portions 
of the facility affected by modification, 
included for items in the solar simulation system, 

Development cos ts  have been 

Major Systems Testing 

Addition of Materials Lock 

Addition of Materials Lock 
Storage Building 

Building Expansion and Modification 
including test chamber enclosure, 
test chamber, assembly area, instru- 
mentation and control area,and 
cryogenic area. 

Manr a t ing 

Instrumentation and Control Equipment 

Solar Simulation 

Nitrogen Refrigeration System 

Vacuum Pumping Sys t ern 

Lunar Plane Temperature Control 

Dynamometer System 
TOTAL 

Combined Systems Testinq 

a. Building Expansion and Modification 
including test chamber enclosure, 
test chamber, instrumentation and 
control area,and cryogenic area 

b. Manrating 

C. Instrumentation and Control Equipment 

1,498, 

2 I 215 000 
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d. Solar Simulation 

e. Nitrogen Xefrigeration System 

f. Vacuum Pumping System 

g. Lunar Plane Temperature Control 

h. Dynamometer System 
TOTAL 

8,625,000 

3,430,000 

2,580,000 

1,248,000 

780,000 
$24,298,000 

165 



B. SPACE ENVIRONMENT SIMULATION FACILITY, CHAMBER A, 
NASA MANNED SPACECWT CENTER, HOUSTON, TEXAS 

The modif icat ions t o  the  Space Environment Simulation Chamber 
are descr ibed  below f o r  Major Systems Test ing and are shown on 
Drawings VI-8 and VI-9. 

1. MAJOR SYSTEMS TESTING 

Addition of Equipment Air,lock 

The equipment o r  materials lock  would be a permanent add i t ion  
t o  chamber A. It is  shown i n  d e t a i l  on Drawing V I - 9 ,  Because 
of l imi t ed  assembly area space between Chamber A and Chamber B a 
concept of lock and chamber door opera t ion  which would provide some 
remaining assembly area w a s  adopted, 
t o  t h e  e x i s t i n g  chamber door opening extending the  door f l ange  ou t  
t o  where a new s l i d i n g  door could opera te  i n t o  a door pocket i n  t h e  
new lock. A removable lock door would be provided which w i l l  b e  
l i f t e d  by t h e  e x i s t i n g  overhead travelling crane and deposi ted i n  a 
c r a d l e  while  t h e  lock i s  open. 
l i q u i d  n i t rogen  cryopanel thermal shroud system, s i x  d i f f u s i o n  pumps 
and a f l o o r  system containing n i t rogen  cryopanels. 

A r i n g  c o l l a r  would be a t tached  

The lock would be provided with a 

I n s t a l l a t i o n  of t h i s  lock would r e q u i r e  a new p i l e d  re inforced  
concrete  foundation w e l l  under t h e  lock and the  door pocket, It 
would r e q u i r e  r e l o c a t i o n  under the  door pocket w e l l  of an e x i s t i n g  
u t i l i t y  t rench  and a s soc ia t ed  u t i l i t i e s .  
s t r u c t i o n  of s e v e r a l  bu i ld ing  column foundat ions,  

It would re 

Building Revisions 

The p resen t  en t ry  door i n t o  t h e  assembly area would re  
l o c a t i o n  as shown on the  plan,  Drawing YI-8, 

The e x i s t i n g  Chamber B head laydown p la t form would r equ i r e  re- 
l o c a t i o n  t o  provide f o r  increased assembly area between t h e  new 
equipment a i r l o c k  and Chamber B. Therefore,  t he  e x i s t i n g  s t r u c t u r e  
would r e q u i r e  extension of two bays beyond Chamber B and the  head 
l aydom pla t form re1ocal;ed i n t o  the  area provided by these  two new 
bays. 

Addition of Instrumentat ion f o r  T e s t  Ob jec t s  

The e x i s t i n g  instrumentat ion equipment i s  adequate f o r  t h i s  
t e s t i n g  program inso fa r  as reduct ion  and c o l l e c t i o n  equipment and 

166 



da ta  channels are concerned. Acquis i t ion means such as sensors  and 
con t ro l  room equipment would be increased f o r  t h i s  program's p a r t i -  
c u l a r  tes t  equipment. 

Addition of Solar  Simulation 

It i s  proposed to i nc rease  t h e  s ide-sun of Chamber A by add i t ion  
of t h e  necessary carbon-arc lamp modules t o  provide a bottom sun of 
20 f e e t  by 20 f e e t .  The e x i s t i n g  top-sun of Chamber Awould be i n -  
creased by a d d i t i o n  of t h e  necessary lamp modules t o  provide a 20 
f o o t  diameter top sun. 

Nitrogen Ref r ige ra t ion  

The following modif icat ions are considered e s s e n t i a l  to m e e t  t h e  
demands f o r  n i t rogen  r e f r i g e r a t i o n :  

Basic chamber LN h e a t  s i n k  342 Kw 
Equipment a i r l o c k  cryopanel hea t  s i n k  
TOTAL DEMAND 352 Kw 
Avai lable  310 Kw 

2iG!! 

ADDITIONAL REQUIRED 42 Kw 

LN Boil o f f  requi red  
(based on 13.5% increase)  
Avai lable  rate 

ADDITIONAL BOIL OFF 6 gpm 

Since t h e  t o t a l  r e f r i g e r a t i o n  demand is only 13.5% g r e a t e r  than the  
e x i s t i n g  requirement,  only minor modif icat ion i s  required.  This 
would c o n s i s t  of increas ing  t h e  capac i ty  of t h e  GN2/LN subcooler 
by 15%. 

Total  tons of LN r e f r i g e r a n t  
per  day @ 46 gpm 
Per  14 days 

223 T/day 
3120 T 

Vacuum Pumping 

The following modif icat ions are considered e s s e n t i a l  t o  m e e t  t h e  
requirements f o r  a d d i t i o n a l  2 0 ° K  condensible pumping i n  t h e  b a s i c  
chamber : 

Required 20°K condensibles 
Avai lable  pumping 
ADDITIONAL REQUIRED 

3.81 x lo6 l i ters/sec 
3.35 x 106 l i ters /sec 

e46 x 10' l i ters/sec 
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d i f fus ion  pumps -35 x 106 I i t e r s l s e c  
H e  cryopanel pumping 3 , 0  x 106 ~ i t e r s / s e c  

Addition of 590 sq f t  of 

6 
6 

area and 1,75 KW He  
1 ,5  x 10 l i t e r s / s e c  

AILABLE w/WDIFICATION 4-85 x 10 l i t e r s / s e c  
1-04 x 106 l i t e r s / s e c  

This reserve i s  considered des i r ab le  s ince  i t  provides add i t iona l  re -  
f r i g e r a t i o n  and panel area €or condensate buildup over a two week 
period. 
modular bas i s  e 

RJ$SERTE CAPACITY 

Furthermore it would permit expansion of t he  f a c c l i t y  on a 

Present  re f  r i g e r a t  ion  u n i t s  
Present  pumping r a t e  He 
Present  leakage @ .35% of flow 
Additional r e f r i g e r a t i o n  u n i t s  
Additioaal pumping r a t e  He 
Additional leakage 
TOTAL REFRIGERAZION UNITS w/BDD, 
TOTAL PUMPING w/MOD 
TOTAL LEAKAGE w / m D  

2-1-75 KW 
1700 l b s l h r  

6 l b s /h r  

850 lb s /h r  
3 l b s /h r  

2550 lb s /h r  
9 l b s /h r  

1-1,75 w 

3-1.'75 KW 

Lunar Plane Temperature Control 

Provis ion must  be made f o r  the following i n  the  lunar  plane: 

GN cooling flow rate control  on a u n i t  a r e a  bas i s  i n  t h e  
chamber f l o o r ,  

Controlled e l e c t r i c a l  s t r i p  heat ing on a u n i t  area bas is  
f o r  t he  chamber f l o o r ,  

An in t eg ra t ed  programmed c o n t r o l l e r  f o r  GN cont ro l  valves  
and electrical s t f i p  heat ing elements, 

Ver t i ca l  10' high wal l  thermal panels ,  heated by e l e c t r i c a l  
heat ing elements and programmed t o  s imulate  t h e  lunar  plane, These 
could be in t eg ra t ed  with l i q u i d  n i t rogen  cryopanels, 

Surface and subsurface high thermal conduct ivi ty  t o  assure 
homogeneous sur face  temperature between cont ro l  elements, 
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2. COST ESTIMATES \ 

The estimated costs for the modifications to Chamber A and the 
The estimates represent construction facility are presented below. 

contract and engineering design costs. 
not included. 

Construction impact costs are 

Major Systems Testing 

a. Addition of materials lock $3,093,000 

b. Building revisions 362,000 

c .  Chamber modifications 3,350,000 
(Incl solar simulation, LN cryopanels, 
eryopumping, piping, instrumentation, 
lunar plane temperature control, 
dyanamometer system) 

d. Refrigeration equipment 890,000 
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APPENDIX A: LETTER OF AUTHORITY AND WORK STATEMENT 

A- 1 





COPY 

NATIONU AERONAUTICS AND SPACE ADMINISTRATION 
Washington 25, D. C. 

M-C MCL 1400 Jun 26 1964 

Brigadier  General E. E. Wilhoyt, Jr. 
A s s i s t a n t  t o  the  Chief of Engineers 

f o r  t he  Nat ional  Aeronautics and 
Space Adminis t ra t ion Support 

Off ice  of t he  Corps of Engineers 
Washington, D. C. 

Dear General Wilhoyt: 

Your let ter of June 16, 1964, forwarded a proposed work state- 
ment drawn up i n  conjunct ion wi th  M r .  J. Wilhelm of my o f f i c e .  
It o u t l i n e s  a s tudy  of our requirements f o r  a space epviron- 
ment s imula tor  t o  c a r r y  out  t he  t e s t i n g  of t he  Apollo Log i s t i c s  
Support System. The l e t t e r  ind ica t e s  your wi l l ingness  t o  under- 
take t h i s  e f f o r t  f o r  us a t  a c o s t  of approximately $30,000 and 
i n  a t i m e  per iod which is  agreeable  t o  us as indicated.  How- 
ever, we have added one a d d i t i o n a l  sentence t o  i t e m  number th ree  
of t he  t abu la t ion  of requirements i n  t h e  proposed work statement.  
It i d e n t i f i e s  our need f o r  t h e  requirements and cos t ing  t o  be 
broken down i n t o  two segments, i.e., requirements t o  do major 
systems t e s t i n g  and a d d i t i o n a l  requirements t o  be capable of 
combined systems t e s t i n g .  This change has been discussed with 
M r .  Wendell of your o f f i c e  and has h i s  concurrence. The modi- 
f i e d  work s ta tement  i s  enclosed. 

W e  d e s i r e  t h a t  you undertake t h i s  s tudy f o r  US and are anxious 
t h a t  t he  e f f o r t  begin as soon as possible .  However, please 
understand t h a t  t h i s  i n v e s t i g a t i o n  does no t  n e c e s s a r i l y  imply 
follow-on design e f f o r t  in t h i s  area. 

We t r u s t  t h a t  t h i s  let ter w i l l  s u f f i c e  t o  commit us t o  the  
arrangement as ou t l ined  i n  your letter. The documentation t o  
t r a n s f e r  t h e  funds w i l l  be i n i t i a t e d  immediately and should be i n  
your hands i n  a s h o r t  while.  

S incere ly ,  

George E. Mueller 
Associate  Adminis t ra tor  
f o r  Manned Space F l i g h t  

Enclosure 
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WORK STATEMENT FOR 
ANALYSIS OF APOLLO LOGISTIC SUPPORT SYSTEM 

TEST FACILITY REQUIREMENTS 

I n  r ecen t  weeks t h e  o f f i c e  of Manned Space F l i g h t  has  
e s t ab l i shed  a T e s t  Philosophy and Out l ine  T e s t  Program 
f o r  t he  Apollo Log i s t i c  Support System Payloads. They 
are summarized i n  a document bearing that t i t l e  which 
is dated May 1964. There now i s  a requirement t o  ana- 
lyze the  var ious chambers t h a t  e x i s t  around the  country 
t o  determine whether o r  no t  any have the  c a p a b i l i t y  t o  
f u l f i l l  these  requirements as they are present ly  de- 
signed, and what modif icat ions would be necessary t o  
make any p a r t i c u l a r  one capable of handling the  t es t  
program. Requirements f o r  which ana lys i s  is  required 
are those descr ibed under major systems t e s t i n g  and 
combined systems t e s t i n g  covered i n  paragraphs 8 and 9 
of t he  document. The c a p a b i l i t i e s  i n  paragraph 8.3.1. 
"Vacuum T e s t  F a c i l i t i e s "  are t o  be provided i n  one 
chamber. The c a p a b i l i t i e s  i n  paragraph 9 "Combined 
Systems Testing" are t o  be provided i n  one chamber 
wi th  the  exception of the  dynamic tests i n  paragraph 
9.2.3. 

Spec i f i c  s e rv i ces  required are as follows: 
updated t abu la t ion  of t he  c a p a b i l i t i e s  of t he  l a r g e  
chambers and nuc lear  power t es t  f a c i l i t y  contained i n  
"Special  Study of t he  Research and Development E f f o r t  
Required t o  Provide a U. S .  Lunar Construct ion Capa- 
b i l i t y ,  "Volume Two, Appendices B and C. (2) An 
evalua t ion  of the engineering f e a s i b i l i t y  f o r  meeting 
t h e  s t a t e d  tes t  requirements. 
cepts  f o r  accomplishing the var ious requirements i n  
s u f f i c i e n t  d e t a i l  t o  be used i n  determining scope of 
chamber modif icat ions and c o s t  estimates. Scope of 
chamber modif icat ions and c o s t  estimates w i l l  be 
developed i n  two phases: (a) Requirements and c o s t s  
t o  c a r r y  o u t  t he  t e s t i n g  of major systems, and (b) 
add i t iona l  requirements and c o s t s  t o  be a b l e  t o  c a r r y  
ou t  the  combined systems t e s t ing .  (4) Evaluat ion of 
e x i s t i n g  chambers t o  determine which, i f  any, could 
handle t h e  tes t  requirements, modif icat ions necessary 
t o  provide the  required capab i l i t y ,  t h e  f e a s i b i l i t y  of 
making such modif icat ions,  the est imated c o s t s  of modi- 
f i c a t i o n  and t h e  approximate t i m e  f o r  cons t ruc t ion  of 
the modif icat ions.  

(1) An 

(3) Development of con- 

A- s 



, 

COPY 

Based on a s t a r t i n g  d a t e  f o r  the  ana lys i s  of J u l y  1, 

15, 1964. An i n t e r im  r e p o r t  w i l l  be submitted on 
October 1, 1964, and w i l l  conta in  a t abu la t ion  of 
chamber c a p a b i l i t i e s ,  prel iminary engineer ing fea-  
s i b i l i t y  ana lys i s  and prel iminary development of 
concepts f o r  accomplishing the  var ious requirements. 

r e p o r t  w i l l  be submitted on December 

A-6 



APPENDIX B: TEST PHILOSOPHY AND OUTLINE TEST PROGRAM 
FOR APOLLO LOGISTIC SUPPORT SYSTEM 
PAYL0AI)S 

B - 1  





COPY 

TEST PHILOSOPHY 

AND 

OUTLINE TEST PROGRAM 

FOR 

APOLLO LOGISTIC SUPPORT SYSTEM PAYLOADS 

, 

May 1964 

ADVANCED MANNED LTJNAR MISSIONS 

OFFICE OF MANNED SPACE FLIGHT 

B - 3  I 



ABBREVIATIONS 

ALSS Apollo Logis t ic  Support System 

LEM Lunar Excursion Module 

LEM Truck LEM descent s t age  modified t o  

LRV 

LFV 

- 

ca r ry  cargo 

Lunar Roving Vehicle 

Lunar Flying Vehicle 
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1. INTRODUCTION 

1.1 

1.2 

This document presents  a tes t  philosophy and o u t l i n e s  i n  
genera l  terms a tes t  program f o r  ALSS payloads. The pur- 
pose of t he  document i s  t o  a i d  i n  the  d e f i n i t i o n  of t he  
scope of work, equipment and f a c i l i t i e s  which t h e  ALSS 
payload test  program w i l l  r equi re .  

It i s  emphasized t h a t  the  ma te r i a l  contained he re in  i s  p re -  
l iminary i n  na tu re  and genera l  i n  scope. Since the ALSS 
conf igura t ion  is  no t  y e t  f ixed ,  t he  t es t  program cannot be 
def ined i n  d e t a i l .  However, q u a n t i t a t i v e  information i s  
used where poss ib le .  

1.3 ALSS payloads of i n t e r e s t  are the  following: 

1.3.1 Of p r i m e  i n t e r e s t :  A LRV capable of s h e l t e r i n g  and 
t r anspor t ing  2 a s t ronau t s  on a 1-4-day lunar  su r face  
explora t ion  missions extending over s e v e r a l  hundreds 
of m i l e s .  The LRV would be supplemented by appro- 
priate support  equipment, s c i e n t i f i c  instrumentat ion 
and expendables. 
include a l ight-weight ,  two-man LE'V of l imi t ed  range. 

The payload probably would a l s o  

1.3.2 Of secondary i n t e r e s t :  A s i m i l a r  payload i n  which 
t h e  LRV i s  replaced by a s t a t i o n a r y  she l t e r / l abora -  
t o ry  and a s m a l l  LRV of l imi t ed  range. 

1.4 The test program does not  consider  t h e  development test-  
ing of t h e  LEM Truck per  s e ,  it being assumed t h a t  such 
t e s t i n g  w i l l  c l o s e l y  p a r s l l e l  t h a t  of t H e  Apollo LEM and 
t h a t  s u i t a b l e  t es t  f a c i l i t i e s  w i l l  be ava i l ab le .  

1.5 The program ou t l ined  h e r e i n  t r e a t s  only development test- 
ing and does no t  consider  acceptance t e s t i n g  o r  checkout 
of opera t iona l  payloads. 
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2. TEST PHILOSOPHY 

2 .1  The environmental test  program w i l l  fol low the  phi los-  
ophy of thoroughly t e s t i n g  materials, p a r t s ,  compo- 
nents ,  subsystems, major systems and combined systems, 
i n  t h a t  order ,  whenever prac t icable .  

2.2 These ca t egor i e s  of t e s t i n g  are def ined b r i e f l y  as 
follows : 

2.2.1 Materials Tes t ing  

Qua l i f i ca t ion  of materials which w i l l  be con- 
s idered  f o r  use i n  the  manufacture of payloads. 

2.2.2 P a r t s  Tes t ing  f 

Q u a l i f i c a t i o n  of p a r t s  o r  assemblies of parts.  

2.2.3 Components Tes t ing  

Test ing of s m a l l  f unc t iona l  assemblies such as 
instruments,  black boxes, etc. 

2.2.4 Subsys t e m  Tes t i n q  

Test ing of grouped components which opera te  as 
a system -- i.e., power system, l i f e  support  
equipment, a i r  lock, suspension system, etc. 

2.2.5 Major System Test ing 

Test ing of major pieces  of equipment such as 
t h e  LRV, s h e l t e r / l a b  etc. These tests w i l l  
include manned operation. 

2.2.6 Combined Sys t e m s  Tes t ing  

Tes t ing  of complete payloads together  wi th  
t h e  LEM Truck. These tests w i l l  a l s o  include 
manned operat ion.  

2.3 It i s  recognized t h a t  due t o  p r a c t i c a l  and economic 
cons idera t ions  the degree t o  which a c t u a l  operat ion-  
a l  environments can be simulated i n  the  test program 
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w i l l  vary  wi th  t h e  phase of t e s t i n g .  Extreme high f i d e l -  
i t y  is  achievable  and e s s e n t i a l  i n  t he  t e s t i n g  of mate- 
rials, p a r t s ,  components and subsystems. Less  accura te  
s imula t ion  i s  acceptab le  f o r  t e s t i n g  major systems and 
combined sys  t e m s .  

I n  the  i n t e r e s t  of economy, every e f f o r t  w i l l  be made t o  
e x p l o i t  model t e s t i n g .  However, model t e s t i n g  cannot be 
assumed t o  be a s u b s t i t u t e  f o r  f u l l  s c a l e  t e s t i n g ,  nor 
does i t  e l imina te  t h e  need f o r  f u l l  scale tes t  f a c i l i -  
ties. Rather,  it is a technique which can be used t o  
l e s sen  the  load on major f a c i l i t i e s  and make more f a c i l -  
i t y  t i m e  a v a i l a b l e  f o r  c r i t i c a l ,  f u l l  s c a l e  tests. 

2.4 

2.5 Wherever p rac t i cab le  i n  the  t e s t  program, combinations 
of condi t ions  t o  which t h e  payloads w i l l  be exposed 
should be imposed simultaneously upon tes t  art icles.  
Where simultaneous exposure i s  no t  p rac t i cab le ,  sequen- 
t i a l  exposure i s  permissible .  

. 2 . 6  Astronaut p a r t i c i p a t i o n  w i l l  be included i n  the  t e s t i n g  
of major and combined systems i n  order  t o  provide both 
system development d a t a  and va luable  t r a in ing .  

2.7 Extensive t e r r e s t r i a l  f i e l d  tests w i l l  a l s o  be a p a r t  of 
major systems and combined systems t e s t i n g .  This w i l l  
provide no t  only design information but  t r a i n i n g  and d a t a  
f o r  mission planning. 

2.8 Ex i s t ing  environmental s imulat ion f a c i l i t i e s  w i l l  be u t i -  
l i z e d  t o  the maximum p rac t i cab le  ex ten t  i n  the  A S S  tes t  
program, and t e s t  plans may be s i g n i f i c a n t l y  inf luenced 
by the  c h a r a c t e r i s t i c s  and l i m i t a t i o n s  of such f a c i l i t i e s ,  
However, compromises w i l l  no t  be made which s u b s t a n t i a l l y  
reduce the  prospects  of mission o r  p r o j e c t  success.  

2.9 NASA documents of t he  series NPC-200 e n t i t l e d  "Quality 
Program Provis ions f o r  Space System Contractors" sha l l  be 
used where app l i cab le  
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3. ASSUMPTIONS 

3.1 For the purpose of a s s i s t i n g  i n  t h e  prel iminary 
d e f i n i t i o n  of f ac i l i t i e s  t o  be used i n  major systems 
t e s t i n g  and combined systems t e s t i n g ,  i t  i s  esti- 
mated t h a t  major ALSS equipment i t e m s  w i l l  have the  
following approximate dimensions and weights : 

3.1.1 LEM Truck without  payload but  w i th  legs de- 
ployed: 33 f t .  diameter and 12  f t .  h igh;  
weight, 21,800 lbs.  fue led  and 5,600 lb s .  
dry.  

3.1.2 ALSS payloads as packaged on the LEM Truck: 
t h e  frustrum of a r i g h t  c i r c u l a r  cone 10 f t .  
high wi th  an 18 f t .  diameter base and 15 f t .  
diameter top;  weight, 8,000 lb s .  

3.1.3 ALSS she l t e r / l abora to ry :  same as 3.2.  

31.1.4 ALSS LRV when deployed: maximum dimens ions 
of 16 f t .  wide, 13 f t .  h igh,  and 42 f t .  long; 
weight, 6,500 lbs .  

3 .2  For t h e  purpose of def in ing  the  tes t  program i t  is 
assumed t h a t  t h e  ALSS payloads w i l l  be subjec ted  t o  
a six month period of s torage  on the  lunar  su r face  
followed by a 14-day period of operat ion.  
does no t  necessa r i ly  e s t a b l i s h  a requirement for a 
s ix  month vacuum and thermal test) .  

(This 
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4 .  ALSS ENVIRONMENT 

4.1 The ALSS payloads w i l l  be designed and t e s t e d  t o  
perform t h e i r  intended funct ions i n  the  environ- 
ment s p e c i f i e d  i n  the  NASA document, "Natural 
Environment and Physical  Standards f o r  P ro jec t  
Apollo", (M-D E 8020.008A). 

4.2 The ALSS payloads w i l l  a l s o  be designed and t e s t e d  
t o  withstand the. acce le ra t ions ,  v ib ra t ions ,  and 
shocks imposed by the  Saturn-Apollo vehic le  sys-  
t e m s .  
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5. PARTS AND MATERIALS TESTING 

5.1 General 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

P r i o r  t o  s e l e c t i o n  f o r  ALSS app l i ca t ions ,  
materials and parts w i l l  be q u a l i f i e d  t o  
e s t a b l i s h  opera t iona l  and func t iona l  integ- 
r i t y ,  and t o  v e r i f y  endurance under appro- 
p r i a t e  environmental condi t ions.  

Every e f f o r t  w i l l  be made t o  u t i l i z e  m a t e -  
r i a l s  and parts a l ready  q u a l i f i e d  t o  appro- 
pr ia te  spec i f i ca t ions  i n  the  Apollo and 
o ther  programs. New q u a l i f i c a t i o n  t e s t i n g  
w i l l  be i n i t i a t e d  only when it  has been 
e s t ab l i shed  t h a t  s u i t a b l e  q u a l i f i e d  p a r t s  
are unavai lable .  The se rv ices  of I n t e r -  
Serv ice  Data Exchange Program (IDEP) and 
E lec t ron ic  Component R e l i a b i l i t y  Center 
(ECRC) w i l l  be u t i l i z e d  i n  making these 
determinat ions.  

An approved materials and p a r t s  l i s t - w i l l  be 
e s t ab l i shed  during prel iminary design and 
w i l l  be maintained throughout the  develop- 
ment program. 

General guidance and po l i cy  on materials 
and p a r t s  t e s t i n g  is out l ined  i n  NASA docu- 
ment, " R e l i a b i l i t y  Program Provis ions f o r  
Space System Contractors" (NPC 250-1) 
dated J u l y  1963), paragraph 3.9. 
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6. COMPONENT TESTING 

6 . 1  General 

P r i o r  t o  incorporat ion i n t o  a subsystem, components 
w i l l  be thoroughly tested t o  v e r i f y  operat ional  and 
func t iona l  i n t eg r i ty .  'To the ex ten t  technica l ly  
f eas ib l e ,  components w i l l  be t e s t ed  under conditions 
which accura te ly  reproduce the operat ional  environ- 
men t . 

6.2 Examples 

Typical components t o  be t e s t ed  are: valves ,  coy- 
p l ings ,  regula tors ,  l eve l ing  devices,  motors, t rans-  
missions and LRV suspension devices. 

6 . 3  Criteria f o r  Vacuum T e s t  F a c i l i t i e s  

For components which a r e  exposed t o  the space and 
lunar  environment, test f a c i l i t i e s  w i l l  be required 
which have the  following c a p a b i l i t i e s  : 

6 .3 .1  Vacuums g rea t e r  than 10 t o r r .  
- 10 

6.3 .2  Solar  s imulat ion c lose ly  matching the  Naval 
Research Laboratory spectrum. 

6.3 .3  Thermal s imulat ion with a temperature range 
of +250°F t o  -250°F, including accura te  
reproduction of appl icable  thermal r ad ia t ion  
and conduction e f f e c t s .  
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7. SUBSYSTEM TESTING 

7 . 1  General 

7 .1 .1  Subsystems w i l l  be thoroughly t e s t e d  t o  v e r i f y  
opera t iona l  and func t iona l  i n t e g r i t y .  To the  
ex ten t  t echn ica l ly  f e a s i b l e ,  components w i l l  
be t e s t e d  under condi t ions which accu ra t e ly  
reproduce t h e  opera t iona l  environment. 

7.1.2 P a r t i c u l a r  importance is a t tached  t o  subsystem 
t e s t i n g ,  s i n c e  t echn ica l  and economic consid- 
e r a t i o n s  d i c t a t e  t h a t  subsystems w i l l  be t h e  
l a r g e s t  ALSS elements t e s t e d  under condi t ions 
c l o s e l y  resembling t h e  operat ing environment. 

7.2 Examples 

The s i z e s  and types of subsystems t o  be t e s t e d  and 
the  kinds of tests involved w i l l  vary widely. Repre-  
s e n t a t i v e  examples are l i s t e d  below: 

7.2.1 A i r  Locks 

A i r  locks w i l l  be t e s t e d  t o  eva lua te  pressure 
cyc l ing  during ingress-egress  operat ions t o  
v e r i f y  funct ioning under vacuum, temperature 
and pressure  d i f f e r e n t i a l  condi t ions.  A 
t y p i c a l  a i r  lock w i l l  measure 4 f t .  i n  diam- 
eter and 7 f t .  in height .  

7.2.2 Tes t  Panels 

S t r u c t u r a l  panels approximately 2 f t .  by 
4 f t .  w i l l  be t e s t e d  t o  assist designers  t o  
de f ine  s h e l t e r  w a l l  s t r u c t u r e s .  Curved as 
w e l l  as f l a t  s ec t ions  w i l l  be tes ted .  The 
following types of panel tests w i l l  be per- 
formed : 

7.2.2.1 Meteoroid Puncture 

High v e l o c i t y  puncture tests w i l l  be 
conducted t o  e s t a b l i s h  e f f e c t s  of 
pene t ra t ion  and optimum design. 
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5.2.2.2 I n s u l a t i o n  and Bonding 

Thermal tests w i l l  be performed t o  
check both thermal grad ien ts  and bond- 
ing i n t e g r i t y .  

7.2.2.3 Compression Tension and Shear 

Panels w i l l  be subjec ted  t o  c r i t i ca l  
s t r u c t u r a l  loads including thermal 
e f f e c t s .  

7.2.2.4 Thermal Cycling 

Thermal cyc l ing  tests w i l l  be conducted 
t o  eva lua te  displacements, d i s t o r t i o n s  
and u n i t  s t r a i n s .  

7.2.3 Cryogenic Tanks and Associated Storage 

Cryogenic tanks w i l l  be t e s t e d  i n  the following 
manners : 

7.2 .3 .1  Long Storage Evaluation 

Cy l ind r i ca l  and s p h e r i c a l  tanks up t o  
5 f t  i n  diameter w i l l  be t e s t e d  t o  
eva lua te  t h e i r  long-term s torage  capa- 
b i l i t i e s  under simulated lunar  condi- 
t ions .  

7.2.3.2 Sloshing Tests  

Tanks containing propel lan ts  o r  s u i t -  
ab l e  s u b s t i t u t e s  w i l l  be subjected t o  
the  dynamic environment occurring 
during f l i g h t  t o  determine s losh ing  
frequencies  and s t a b i l i t y  requirements. 

7.2.3.3 Pressure  and Thermal T e s t  

Tanks w i l l  be t e s t e d  under appropr ia te  
temperature and pressure  environments 
t o  t es t  s t r u c t u r a l  i n t e g r i t y ,  freedom 
from leaks and the  e f f ec t iveness  of 
i n su la t ion .  



7.2.4 

7.2.5 

7.2.6 

7.2.7 

Thermal Control System Tests 

Tests w i l l  be conducted t o  eva lua te  r a d i a t o r  
conf igura t ions  and passive thermal c o n t r o l  
sur faces .  

Antenna Tests 

Various techniques f o r  fo ld ing  and deploying 
antennas w i l l  be t e s t ed .  This w i l l  include 
e f f e c t s  of the  lunar  thermal cycle .  Dishes 
up t o  5 f t .  i n  diameter w i l l  be considered. 

Power Source Tests 

The f u e l  c e l l  power sources f o r  the  LRV and 
s h e l t e r / l a b o r a t o r y  should be exhaus t ive ly  
t e s t e d  i n  a vacuum f a c i l i t y .  Such tests may 
present  problems because of t h e  presence of 
cryogenic hydrogen and oxygen i n  a confined 
space. 

LRV Locomotion Assembly Tests 

LRV locomotion assemblies (includes wheel, 
e l e c t r i c  d r i v e  motor, t ransmission,  braking, 
s t e e r i n g  and thermal c o n t r o l  equipment) w i l l  
be t e s t e d  t o  eva lua te  suspension and locomo- 
t i o n  c h a r a c t e r i s  t i c s  e Tests under simulated 
lunar  su r face  condi t ions  w i l l  eva lua te  per -  
formance on a v a r i e t y  of lunar  s o i l  simulants.  
Tests w i l l  include braking, s t e e r i n g ,  dynamic 
response, wear, and funct ioning of both 
active and passive systems f o r  removing hea t  
from the  motor and t ransmission.  
t o  6 f t .  i n  diameter w i l l  be t e s t ed .  

Xheels up 

7 . 3  Criteria f o r  T e s t  Equipment and F a c i l i t i e s  

7.3.1 Vacuum T e s t  F a c i l i t i e s  

For subsystems which are exposed t o  the  space 
and lunar  environment, test  chambers w i l l  be 
required which have the  following c a p a b i l i t i e s  : 
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7.3.1.1 

7.3.1.2 

7.3.1.3 

7.3.1.4 

7.3.1.5 

7.3.1.6 

- 10 Vacuums g r e a t e r  than 10 to r r .  

So la r  s imulat ion approximating the 
Naval Research Laboratory spectrum t o  
cover areas up t o  about 12 f t  i n  
diameter. 

Thermal s imulat ion with a temperature 
range of +250°F t o  -250°F, including 
accura te  reproduct ion of thermal 
r a d i a t i o n  and conduction effects and 
provis ion f o r  varying temperatures a t  
t he  rates occurring on t h e  moon. 

For the  t e s t i n g  of wheel systems, pro- 
v i s i o n s  t o  handle lunar  s o i l  simulants,  
p referab ly  t o  a depth of s eve ra l  f e e t .  

S u f f i c i e n t  space t o  permit t e s t i n g  sub- 
systems as l a rge  as 8 f t .  by 8 f t .  by 
1 2  f t . ,  including a t r eadmi l l  where 
required.  

An a i r  lock of s u f f i c i e n t  s i z e  t o  per- 
m i t  i n s e r t i n g  and removing test  ar t ic les  
with minimum dis turbance t o  the  t e s t  
environment . 

7.3.2 Other T e s t  Equipment 

Other major i t e m s  of equipment f o r  subsystem test- 
ing w i l l  include: 

7.3.2.1 

7.3.2.2 

7.3.2.3 

S t r u c t u r a l  tes t  equipment. 

Equipment f o r  conducting v i b r a t i o n  and 
shock tests on subsystems weighing up t o  
1,000 lbs .  

EquQment f o r  determining weights, 
moments of i n e r t i a  and centers of 
g r a v i t y  . 

.,. 
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8. MAJOR SYSTEMS TESTING 

8.1 General 

8.1.1 Major systems w i l l  be subjected t o  a wide 
range of engineering and opera t iona l  tes ts  
wi th  the objec t ive  of providing: 

8.1.1.1 Design da ta ,  i n  both engineering 
and human f a c t o r s  areas. 

8.1.1.2 A continuing check on the progress 
and technica l  adequacy of system 
development through tests of  a 
series of t e s t  ar t ic les .  

8.1.1.3 F i n a l  q u a l i f i c a t i o n  of complete 
1 

sys t e m s  . 
8.1.1.4 Operational planning data .  

8.1.1.5 Fami l i a r i za t ion  t r a i n i n g  f o r  a s t r o -  
nauts i n  operat ing and maintaining 
ALSS payloads. 

8 . 1 . 2  Both manned and unmanned tes ts  w i l l  be con- 
ducted. 

8.1.3 For systems t e s t i n g ,  lower f i d e l i t y  environ- 
mental s imulat ion w i l l  be acceptable  than i s  
required f o r  subsystem t e s t ing .  

8.2 Examples 

8.2.1 P r i n c i p a l  systems t o  be t e s t e d  w i l l  include 
the LRV, the  LFV and t h e  she l t e r / l abora to ry .  

8.2.2 Throughout the  program f u l l  scale tes t  a r t i -  
cles w i l l  be subjected to:  

8.2.2.1 S t a t i c  tests t o  include bending, 
shear ,  pressure and temperature 
e f f e c t s .  
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8.2.2.2 Dynamic tests t o  s imulate  condi t ions  
imposed on the payload between e a r t h  
launch and lunar  landing. These w i l l  
include v i b r a t i o n ,  shock, l i q u i d  
s losh ing ,  e t c .  

8.2.2.3 Dynamic tests t o  assess performance of 
the  LRV on the lunar  surface.  

8.2.2.4 Leak rate tests performed a t  high pres-  
su re  and extreme temperature. 

8.2.2.5 Thermal cons tan ts  tests performed i n  
simulated lunar  environment. 

8.2.2.6 Tests t o  e s t a b l i s h  weight, moments of 
i n e r t i a  and c e n t e r  of g rav i ty .  

8.2.2.7 Terrestrial f i e l d  exe rc i se s  s imulat ing 
f u l l  length lunar  su r face  missions. 

8.2.3 Near the  end of t he  t e s t  program prototypes of 
the major systems w i l l  be subjec ted  t o  f i n a l  
q u a l i f i c a t i o n  tests. These w i l l  include v ibra-  
t i on ,  shock, s t a b i l i t y ,  thermal and pressure  
tests. F i n a l  m a s s  d a t a  w i l l  be determined, and, 
i f  p r a c t i c a b l e ,  prototypes w i l l  be exposed t o  the  
simulated lunar  environment f o r  long periods 
( i n  excess of 2 weeks) t o  see i f  t he re  are t i m e -  
dependent e f f e c t s .  

8.3 Criteria f o r  T e s t  Equipment and F a c i l i t i e s  

8.3.1 Vacuum T e s t  F a c i l i t i e s  

For systems tests, environmental s imulat ion 
f a c i l i t i e s  w i l l  be required which have the  
following c a p a b i l i t i e s  : 

8.3.1.1 Vacuum of t o r r  wi th  chamber empty 
and t o r r  during t e s t ing .  

8-3.1.2 S o l a r  s imula t ion  approximating the  Naval 
Research Laboratory spectrum, and of 
s u f f i c i e n t  s i z e  t o  i r r a d i a t e  t h e  l a r g e s t  
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module of the  system ( i r r a d i a t e d  
f i e l d  about 20 f t .  i n  diameter).  
A means of varying the  pos i t i on  of 
t he  system t o  s imulate  the  movement 
of the sun i s  h igh ly  des i r ab le .  

8.3.1.3 Provis ions f o r  supplementing the  s o l a r  
s imulat ion with an in f r a red  lamp system 
emi t t ing  140 w a t t s  per  ft.2 and of suf- 
f i c i e n t  s i z e  t o  permit i r r a d i a t i o n  of a 
complete LRV ( length of f i e l d  about 45 
f t . ,  width about 20 f t . )  

8.3.1.4 A pumping system capable of opera t ing  
continuously f o r  periods of a t  least 
2 weeks. The system should be ab le  t o  
handle payload outgassing a t  a rate of 
12 lb .  p e r  day of oxygen a t  5 ps i a ,  
and t o  accommodate 100 operat ions of a 
2-man a i r  lock during each 2 week 
period. 

8.3.1.5 I n  addi t ion  t o  the  requirements imposed 
by 8.3.1.4, t h e  pumping sys  t e m  may have 
t o  handle the outgassing of s o i l  simu- 
l a n t s .  Needs and q u a n t i t i e s  are no t  
f i rmly  e s t ab l i shed ,  

8.3.1.6 Earth shine s imulat ion including, i f  
p rac t i cab le ,  provis ion f o r  s imulat ing 
the  r e l a t i v e  motion of the  e a r t h  and 
moon. 

8.3.1.7 A temperature range from +250°F t o  
-250°F with a rate of change equiva- 
l e n t  t o  t h a t  occurr ing on the lunar  
sur face .  Also, s imulat ion of sur face  
thermal c h a r a c t e r i s  t i c s .  

8.3.1.8 A r a d i a t i o n  h e a t  s i n k  cons i s t ing  of 
absorbing w a l l s  cooled t o  100°K o r  
less, and capable of absorbing a 
10 KW heat load from a tes t  ar t ic le .  



9. 

8.3.1.9 A t e s t  chamber of s u f f i c i e n t  s i z e  t o  
accommodate the  l a r g e s t  payload system 
( the  LRV--see 3.1.4). 

8.3.1.10 An a i r  lock of s u f f i c i e n t  s i z e  t o  permit 
i n s e r t i o n s  of t he  l a r g e s t  payload system 
(see 3.1). 

8.3.1.11 Man-rated f o r  several men, including appro- 
p r i a t e  personnel a i r  locks.  

8.3.1.12 A t r eadmi l l  t o  permit exerc is ing  the  LRV. 

8.3.1.13 A clear d i s t ance  of 5 f t .  between ar t ic les  
being t e s t e d  and t h e  chamber w a l l .  

8.3.2 Other T e s t  Equipment and F a c i l i t i e s  

Other major i t e m s  of equipment and f a c i l i t i e s  f o r  
systems t e s t i n g  w i l l  include: 

8 . 3 . 2 . 1  A one s i x t h  g r a v i t y  s imulator  f o r  t e s t i n g  
t h e  LRV. 

8.3.2.2 A terrestrial  proving ground i n  the  south- 
western U. s. 

8.3.2.3 Equipment f o r  conducting v i b r a t i o n  and 
shock tests on complete systems, 

8.3.2.4 Equipment f o r  determining weights, moments 
of  i n e r t i a  and cen te r s  of grav i ty .  

COMBINED SYSTEMS TESTING 

9.1 General 

I n  combined systems t e s t i n g ,  f u l l  scale payload systems 
w i l l  be t e s t e d  wi th  as t ronauts  and t h e  LEM Truck to :  

9.1.1 Demonstrate t he  funct ioning of payloads when i n t e -  
gra ted  wi th  lander.  
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9.1.2 Tes t  the funct ioning of t he  LEM Truck- 
payload-as t ronaut  combination i n  the 
performance of the c r i t i c a l  operat ions 
t o  be performed a t  t h e  poin t  of landing. 

9.2 Examples 

Combined systems t e s t i n g  w i l l  include: 

9.2.1 Long exposure of the  loaded LEM Truck t o  a 
simulated lunar  environment t o  e s t a b l i s h  
the thermal c h a r a c t e r i s t i c s  of t h e  combi- 
na t ion ,  followed by 

Manned and unmanned unloading and s t a r t u p  
tests. 

I 

9.2.2 

9.2.3 Dynamic tes ts  of the loaded LEM Truck 
including acce le ra t ion ,  v i b r a t i o n  and 
shock a t  appropr ia te  temperatures. 

9.3 Criteria f o r  T e s t  Equipment and F a c i l i t i e s  

Combined systems t e s t i n g  w i l l  r e q u i r e  much the 
same types of f ac i l i t i e s  requi red  f o r  systems 
t e s t ing .  However, t he re  are s i g n i f i c a n t  
d i f f e rences  i n  the s i z e  of vacuum chamber 
required.  Notably, the chamber f o r  combined 
systems t e s t i n g  must provide: 

9 .3 .1  An a i r  lock o r  o ther  opening such as a 
top ha tch  of s u f f i c i e n t  siqe t o  permit 
e n t r y  of a loaded LEM Truck (see 3 .1 ) .  

9.3,2 S u f f i c i e n t  space wi th in  the  chamber t o  
unload t h e  LRV and o the r  payloads from 
the LEM Truck (see 3.1). 
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EQUIPHENT D W S I O N  CHANGES & AMPLIFICATION OF RBQUIREMENTS - 

The following r ep resen t s  changes i n  equipment dimen- 
s ions  o r  ampl i f ica t ion  of t h e  requirements contained i n  the  
"Tes t  Philosophy and Out l ine  T e s t  Program f o r  t h e  Apollo 
Logis t ic  Support Sys t e m  Payloads" dated May 1964. 

The t readmi l l  (para 8.3.1.12) should be considered f o r  
a r t i c u l a t e d  motion; independent wheel suspension; mult i -  
component t e s t i n g ;  ind iv idua l  wheel d r i v e  by a veh ic l e  pos- 
s e s s ing  4 t o  6 wheels; veh ic l e  d r ive  by the  t r eadmi l l ;  
veh ic l e  weight of 6,500 l b s ;  and no s imulat ion of lunar  grav- 
i t y  wi th in  t h e  chamber. 

The l a r g e s t  payload system (LRV - para 3.1.4 and 8.3.1.9) 
w i l l  be 46' long x 1 7 '  wide x 14' high wi th  a power requi re -  
ment of 5-9 KW. A r ep resen ta t ive  LRV i s  shown in Figures B-1,  
B-2 and B-3, A s m a l l  LRV is  shown i n  Figure B-5, 

The Lunar Flying Vehicle (para 1.3.1 and 8.2.1) w i l l  be 
t e s t e d  i n  a chamber under s t a t i c  and thermal condi t ions.  A 
r ep resen ta t ive  LFV is shown i n  Figure B-4. 

The s h e l t e r / l a b o r a t o r y  dimensions and weight (para 3.1.3) 
are the same as those s t a t e d  i n  paragraph 3.1.2. The s h e l t e r  
i s  t o  be t e s t e d  wi th  the  LEN Truck. 

The in f r a red  lamp system (para 8.3.1.3) is t o  supplement 
t he  s o l a r  s imulat ion by providing in f r a red  only f o r  t he  a rea  
outs ide  the  20' diameter of s o l a r  simulation. High q u a l i t y  
co l l imat ion  i s  no t  intended f o r  t he  in f r a red  system. 

Due t o  the increase  i n  length of t he  LRV (para 3.1.4 and 
8.3.1.9), increase  the  length of f i e l d  of t h e  in f r a red  lamp 
system t o  49 f e e t .  

The c h a r a c t e r i s t i c s  of t h e  s o l a r  s imulat ion systems f o r  
t h e  Manned Spacecraf t  Center chambers are s a t i s f a c t o r y  as 
cri teria f o r  col l imat ion,  i n t e n s i t y ,  uniformity,  etc. Con- 
s i d e r a t i o n  of types of system need not  be l imi ted  t o  carbon 
arc .  (para 8.3.1.2) 

The s o i l  simulants (para 8.3.1.5) are t o  be i n  a t h i n  
l aye r  only. The r e f l e c t i v e  value i s  t h e  most s i g n i f i c a n t ;  
i t  may be d e s i r a b l e  t o  use o ther  sur faces  t o  s imulate  lunar  
sur face  c h a r a c t e r i s t i c s .  
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The number of men t o  be considered f o r  chamber occupancy 
i s  a maximum of four;  normally two w i l l  be i n  t h e  chamber and 
two i n  the  a i r lock .  

The outgassing load (para 8.3.1.4) represents  t h e  leakage 
from t h e  Mobile Laboratory (MILAB) payload a t  an i n t e r n a l  
pressure  of 5 psia .  

The c h a r a c t e r i s t i c s  of t he  r ep res su r i za t ion  system f o r  
t he  Manned Spacecraft  Center chambers are s a t i s f a c t o r y  as 
c r i t e r i a  f o r  t h i s  study. (para 8.3.1.11) 

The maximum i n t e n s i t y  f o r  ea thshine s imulat ion (para 5 8.3.1.6) i s  1.75 x lumens/cm . 
The c l e a r  d i s tance  of 5 f t  (para 8.3.1.13) i s  t o  be 

maintained between a r t i c l e s  being t e s t ed  and t h e  chamber 
w a l l  o r  o ther  chamber i n t e r i o r  surface.  

The s i z e  of the  a i r l o c k  (para 8.3.1.10) i s  t o  be based 
on one segment (one-third) of the  LRV. 
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APPENDIX C 

LARGE CHAMBERS 

This appendix contains information on those e x i s t i n g  o r  planned 
environmental tes t  chambers which have been c l a s s i f i e d  i n  t h i s  study 
as l a r g e  chambers. 
described below i n  terms of the  respons ib le  agency, loca t ion ,  s i z e  
and cur ren t  s t a tus .  The following pages contain de t a i l ed  information 
on t h e  c a p a b i l i t i e s  of each chamber. Differences i n  desc r ip t ive  d a t a  
are due t o  d i f fe rences  i n  types of chambers o r  t o  d i f fe rences  i n  
r epor t ing  data.  In  t h e  desc r ip t ive  da t a  l i s t i n g s ,  "man-rated" r e f e r s  
t o  the  capab i l i t y  f o r  occupancy by men i n  space s u i t s ,  and "materials 
handling equipment" r e f e r s  t o  the a v a i l a b i l i t y  and c a p a b i l i t y  of t h e  
equipment t o  handle t h e  maximum s i z e  t es t  article. Included under 
"other environment c a p a b i l i t i e s "  are such items as shock, v ib ra t ion ,  
heat f l u x ,  r o t a t i o n  of specimen, and ascent  simulation. 

The chambers which have been considered are 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

NASA Manned Spacecraft  Center, Houston, Texas. 65' d i a  x 
117 '  2" high (Chamber A). Under construction. 

NASA Manned Spacecraft  Center, Houston, Texas. 35' d i a  x 
41' 8" (Chamber B). Under construction. 

U.S. A i r  Force Arnold Engineering Development Center, 
Tullahoma, Tennessee. 42'  d i a  x 82' high (Mark I). 
Under cons t ruc t  ion. 

NASA Goddard Space F l i g h t  Center, Greenbelt, Maryland 35' d i a  
x 60' high (Space Environment Simulator). In  operation. 

NASA Goddard Space F l i g h t  Center, Greenbelt, Maryland. 
35' d i a  x SO'high (Dynamic.Test Chamber). I n  operation. 

General E l e c t r i c  Company, General Electric Space Center 
Valley Forge, Pennsylvania. Three 39 '  d i a  spheres. I n  
operation. 

General E l e c t r i c  Company, General E l e c t r i c  Space Center, 
Valley Forge, Pennsylvania. 32' d i a  x 54' high. I n  
opera t  ion. 

U.S. A i r  Force, no t  s i t e d .  200' d i a  sphere (Mark I IA) .  
Proposed; not  funded. 

NASA Lewis  Research Center, Cleveland, Ohio. 30' d i a  x 
100' long por t ion  of a l t i t u d e  wind tunnel  converted t o  
space chamber. I n  operation. 
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10, NASA Marshall Space F l i g h t  Center, Huntsv i l le ,  Alabama. 
40' d i a  x 80' high. Inac t ive  - no longer  proposed. 

11. NASA Langley Research Center, H a q t o n ,  Vi rg in ia ,  55' d i a  
x 55' high. I n  operation. 

12. NASA Langley Research Center, Hawton, Virginia .  60' d i a  
sphere. Under cons t ruc t ion ,  

13. NASA Langley Xesearch Center, Hampton, Vi rg in ia ,  60' d i a  
sphere. Proposed f o r  FY 65 budget. 

14. Douglas A i r c r a f t  Company, Douglas Space Systems Center, 
Huntington Beach, Cal i forn ia .  39' d i a  sphere, I n  
ope ra t  ion. 
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CHAMBER 1 

Agency and Location 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

Size:  

Work space dimensions: 

Maximum s i z e  of test  a r t i c l e :  

Materials handling equipment: 

Man-rat ed : 

Personnel en t ry  locks: 

Type of r e p r e s s u r i z a t i o n  system: 

Minimum opera t ing  pressure :  

G a s  load t h a t  can be removed 
a t  t h i s  pressure:  

NASA Manned Spacecraf t  Center 
Houston, Texas 

Space Environment Simulation 
F a c i l i t y ,  Chamber A 

Spacecraf t  t e s t i n g  and as t ronaut  
t r a i n i n g  

65' d i a  x 117'2" high 

45' d i a  x 78'  high. 40' d i a  s i d e  
opening door f o r  loading chamber 

25' d i a  (up t o  40' with  appendages) 
x 75' h igh;  150,000 l b s  

Yes (Four 25 ton h o i s t s )  

Yes 

Double manlock a t  luna r  plane level 

1. Repressurize with oxygen and 
n i t rogen  from 0 t o  6 
t o t a l  p ressure  and oxygen p a r t i a l  
p ressure  of 4 + 1 / 2  p s i a  i n  30 
seconds; pressure can be held a t  
6 p s i a ;  p re s su r i ze  with a i r  from 
6 p s i a  t o  atmospheric w i th in  60 

1 / 2  p s i a  

seconds. 
2. Repressurize 

6 p s i a  i n  30 
3.  Repressurize 

14.7 p s i a  i n  

10-5 t o r r  

from 10-5 t o r r  t o  
minutes. 
from 10-5 t o r r  t o  
3 hours. 

27.6 t o r r  l i ters/sec 
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Time t o  achieve minimum pressure:  24 hours 

Actual pumping speed: 

Type of pumping system: 

Temperature range: 

Type of thermal system: 

Area of helium panels: 

Solar  s imulat ion: 

Area il luminated: 

100' K Condensables (LN2) 
300 mi l l i on  liters/sec 
20° K Condensables (GHe) 
3 mi l l i on  liters/sec 
Diffusion pumps 350,000, liters/sec 

Diffusion pumps ; cryopumping 
with l i q u i d  n i t rogen  and helium 

-280 F t o  -E260 F on lunar  plane 

E l e c t r i c a l  s t r i p  hea ters ,  
4-260 F t o  be held f o r  a maximum 
of 48 hours during a two-week 
tes t  period o r  2 hours during a 
4.8 hour tes t  period 

Approximately 1,180 sq f t ;  
3,000,000 l i t e r s i s e c  

Side sun: 13'x 40 ' 
i n i t i a l ,  20' x 65l f u t u r e  

Top sun: 13: d i a  i n i t i a l ,  
20' d i a  f u t u r e  

Maximum i n t e n s i t y  : Control lable  between 60 and 
137 wa t t s i sq  f t  wi th  an 
accuracy of 3 wat t s /& 

Type of lamp: Carbon arc, auto, feed 
(RCA) 

Degree of co l l imat ion  : Half angle  of 2' 

Un i f  o mi t y : f 5% as measured by a 1.0 f t  2 - 
de tec to r  

4- - 10% as measured by a 0 , l  f t 2  
de t ec to r  



f 



Other environment c a p a b i l i t i e s :  

Rotat ion of specimen: 45' d i a  r o t a t i n g  t a b l e  ( 180") 
a t  1-2/3 rpm, 150,000 l b s  

Supporting i t e m s  : 

Ins  trumentat  i on  : 1600 channels 

Additional information: 

S t a tus  : 

Designed t o  provide un in te r -  
rupted test  environment f o r  
a per iod of 30 days 

Under cons t ruc t ion  with comple- 
t i o n  scheduled f o r  summer 1965 
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CHAMBER 2 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

NASA Manned Spacecraft  
Center, Houston, Texas 

Space Environment 
Simulation F a c i l i t y ,  
Chamber B 

Spacecraft  t e s t i n g  and 
as t ronaut  t r a in ing  

Size & shape of chamber: 35' d i a  x 41'8" high 

Work space dimensions: 20' d i a  x 20' high p lus  9 '  high 
t runcated conical  volume a t  top. 
F u l l  35' d i a  opening f o r  loading 
chamber from top. 

Maximum s i z e  of t e s t  a r t i c l e :  13' d i a  x 2 7 '  high; 75,000 l b s  

Materials handling equipment: Yes (50 ton bridge crane with 
10 ton a u x i l i a r y  h o i s t )  

Man-rated: Yes 

Personnel en t ry  locks : Double manlock a t  lunar  plane 
l e v e l ;  each lock has  9 '  x 10' 
f l o o r  a rea  

Type of repressur iza t ion  system: 1. Repressurize with oxygen and 
n i t rogen  from 0 t o  6 2 1 / 2  
p s i a  t o t a l  p ressure  and oxygen 
p a r t i a l  p ressure  of 4 2 1 / 2  
p s i  i n  30 seconds; pressure  
can be held a t  6 p s i a ;  pres- 
s u r i z e  with a i r  from 6 p s i a  
t o  atmospheric wi th in  60 
seconds 

2. Repressurize from lom5 t o r r  
t o  6 p s i a  i n  30 minutes 

3. Repressurize from t o r r  
t o  14.7 p s i a  i n  3 hours 
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Minimum operat ing pressure:  

Gas load t h a t  can be removed a t  
t h i s  pressure:  

T ime  t o  achieve minimum 
pressure:  

Type of pumping system: 

Temperature range: 

Type of thermal system: 

Solar  s imulat ion:  

Area i l luminated:  

Maximum i n t e n s i t y :  

Type of lamp: 

Degree of co l l imat ion:  

Uniformity: 

Other environment c a p a b i l i t i e s :  

t o r r  

25.7 t o r r  l i ters lsec 

3 hours 

Dif fus ion  pumps; cryopumping 
wi th  l i q u i d  n i t rogen  and helium 

-280 F t o  $260 F 

Elec. s t r i p  hea ters .  $260 F 
t o  be he ld  f o r  a maximum of 
48 hours during a 2-week tes t  
per iod  or  2 hours during a 48- 
hour test per iod 

See "Addi t i  ona 1 In f  orma t i ont1 
below 

Side sun: None ( f u t u r e  o r  
p re sen t )  Top sun: 5.6'dia 
i n i t i a l ,  20' d i a  f u t u r e  

Cont ro l lab le  between 67 and 
137 w a t t s / f t 2  wi th  an accuracy 
of 3 w a t t s / f t 2  

Carbon arc, auto. feed (RCA) 

Half angle  of 2" 

-f; 5% as measured by a 1.0 f t  2 
d e t e c t  or 

f 10% a s  measured by a 0.1 f t2 
d e t e c t  or 

Elec. s t r i p  hea te r s  a t tached  t o  
lunar  plane f o r  a +260 F 
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Supporting items: 

Instrumentation : 

Additional information: 

Status: 

1,100 channels 

Designed to provide uninter- 
rupted test environment for 
a period of 30 days. Liquid 
nitrogen cooled heat sink 
attached to lunar plane for 
low temperature. High temp- 
erature range obtained by 
electrical strip heaters. 

Under construction with 
completion scheduled for 
summer 1965. 

I 
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CHAMBER 3 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

S i ze  and shape of chambers: 

Work space dimensions: 

Man- r a t ed : 

Personnel e n t r y  locks: 

U.S.  A i r  Force Arnold Engineering 
Development Center, Tullahoma, 
Tennes see 

Aerospace Systems Environmental 
Chamber, Mark I 

Spacecraf t  t e s t i n g  

42' d i a  x 82' high 

35'2" d i a  x 65' high. 20' d i a  
opening f o r  loading chamber 
from top 

No 

8 '  d i a  on s i d e  of chamber 

Type of r e p r e s s u r i z a t i o n  system: None 

Minimum operat ing pressure :  10-8 t o r r  

Time t o  achieve minimum pressure :  24 hours 

Actual pumping speed: 

Type of pumping system: 

100°K Condensables (LN2 ) 
100 m i l l i o n  l i ters/sec 
20" K Condensables (GHe) 
26 m i l l i o n  liters/sec 
Diffusion pumps 760,000 
l i t e r s / s e c  

48 - 32" o i l  d i f f u s i o n  pumps; 
cryopumping with l i q u i d  n i t rogen  
and helium. One 32" oil d i f -  
fu s ion  pump i n  personnel en t ry  
lock 

Area of l i q u i d  n i t rogen  panels :  Cover 97% of chamber i n t e r i m ;  
approximately 27,000 sq f t  

Area of helium panels  : Approximately 8,160 sq f t  

Solar  simulation: 

Area i l lumina ted :  6 '  x 32' o r  10' x 18'  
c - 2 1  





Maximum intensity: 

Conditions simulated: 

Type of optical system: 

Degree of collimation: 

Uniformity : 

Other environment capabilities: 

Vibration: 

Rotation of specimen: 

Ascent simulation: 

Status : 

137 watts/sq foot (Based on 
design data) 

38 high inteneriey carban QTG, 
32 each 

Albedo reflectance and earth 
radiance simulated by quartz 
lined tubes in a '!bird cage"- 
like arrangement 

Each lamp has individual 
optical projection system 

40 minutes f 5 minutes de- 
collimation for half angle 

sf: 5% over 1 sq ft, 

f 10% over 0.1 sq ft 

Four 50,000 l b  hydraulic 
shakers for a 40,000 lb 
vehicle at 10 to 600 cycles/sec 
and one electrodynamic shaker 
with a force output of 1250 lbs 
up to 2000 cycles/sec with 
40,000 lb load. 
Simulate vibration energy to 
vehicle by engine operation. 

Simultaneously rotate vehicle 
in plane of solar array and 
about its own longitudinal 
axis 

Pump from 760 torr to 30 torr 
in 80 seconds to simulate 
launch ascent 

Under construction for 
completion early 1965. 
Solar simulation will be 
available approximately 
January 1966 
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CHAMBER 4 

Agency and Location: NASA Goddard Space F l i g h t  Center 
Greenbelt, Maryland 

Name of f a c i l i t y :  Space  Environment Simulator 

Purpose of f a c i l i t y :  Spacecraft  t e s t i n g  

Size and shape of chamber: 35' d i a  x 60' high 

Work space dimensions: 28' d i a  x 40' high. Full 35' d i a  
opening f o r  loading chamber from 
top 

Materials handling equipment: Yes 

Man - rat  e d : No 

Personnel en t ry  locks: Yes 

Minimum operat ing pres  sur  e : 1 x 10-9 t o r r  

Time t o  achieve minimum pressure:  13 hours 

Type of pumping system: 17-32" Diffusion pumps; l i q u i d  
n i t rogen  and helium cryopumping 

Temperature range : -320 F t o  +215 F 

Type of thermal system: Liquid and gaseous n i t rogen  

Area of l i q u i d  n i t rogen  panels:  Approximately 8,000 sq f t  

Area of helium panels:  Approximately 2,000 sq f t  

Solar simulation: 

Area il luminated: 18' diameter 

Maximum i n t e n s i t y :  Present :  130 wat ts /sq f t  
Future:  275 wat ts /sq f t  
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Other environment capabilities: 

Status : 

Type of lamp: Mercury-Xenon, 127 lamp 
module, 2 1/2 Kw each 

None 

In operation, including 
solar simulation 
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CHAMBER 5 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

S ize  and shape of chamber: 

Work space dimensions: 

Materials handling equipment: 

Man-rat ed : 

Personnel en t ry  lock: 

Minimum operat ing p res  s u r  e : 

Type of pumping system: 

Type of thermal system: 

Solar  simulation: 

Other environment c a p a b i l i t i e s :  

S t a tus  : 

c-35 

NASA Goddard Space F l i g h t  Center 
Greenbelt ,  Maryland 

Dynamic T e s t  Chamber 

Spacecraf t  t e s t i n g  

35' d i a  x 60' high 

28'  d i a  x 40' high. F u l l  35' 
d i a  opening f o r  loading chamber 
from top 

Y e s  (overhead crane) 

No 

Yes 

0.1 t o r r  (Mechanical vacuum 
pumps only) 

Mechanical vacuum pumps. 
Diffusion pumps can be added 
a t  a la ter  d a t e  

None. Cold w a l l s  can be added 
a t  a la ter  d a t e  

None. Can be added a t  later 
d a t e  by rep lac ing  head on chamber 

Reduction of pressure  by mech- 
a n i c a l  pumps w i l l  e l imina te  t h e  
mechanical r e s i s t a n c e  of t h e  a i r  
t o  r ap id  motions. W i l l  be used 
f o r  v i b r a t i o n  tests,  dynamic 
balancing, spin-up tests,  and 
s o l a r  paddle e rec t ion .  Can check 
out  con t ro l  systems employing gas 
je ts  f o r  co r rec t ion  of spacec ra f t  
o r i e n t a t i o n .  

I n  operat ion.  





CHAMBER 6 

Agency and Location: 

Name of facility: 

Purpose of facility: 

General Electric Valley 
Forge Space Technology 
Center, Valley Forge, 
Pennsylvania 

Thermal Vacuum Chambers 
of the Space Environment 
Test Facility 

Thermal vacuum qualification 
and acceptance testing 

Size : Three 39' dia spheres 

Work space dimensions: 30' dia spherical volume; 
30' dia opening for loading 
chamber from top 

Maximum size of test article: 21' diameter x 30' high; 
20,000 lbs 

Materials handling equipment: Yes 

Man- ra t ed : N o ,  but future capability 

Personnel entry locks: One 48" x 96" door in side 
of chamber 

Type of repressurization system: Controlled dry nitrogen and 
atmospheric in-bleed 

Minimum operating pressure: 1 x torr 

Time to achieve minimum pressure: 6 hours 

Actual pumping speed: 100' K Condensable (LN2 ) 
3.0 x 108 liters/sec 
20" K Condensables (GHe) 
3.0 x lo6 liters/sec 
Diffusion pumps 50,000 
literslsec 
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Type of pumping system: 4-32" d i f fus ion  pumps; l i q u i d  
n i t rogen  and helium cryopumping 

Temperature range: Cryogenic temperature; -320F t o  
maximum hea t  f l u x  

. Type of thermal system: Inf ra red ,  quar tz  lamps 

Area of l i q u i d  ni t rogen panels:  3,800 sq f t  

Area of helium panels:  1,000 sq f t  

Solar simulation: 

Area il luminat ed: 400 sq f t  ava i l ab le  i n  two of 
the chambers 

Maximum i n t e n s i t y :  5-390 wat t s fsq  f t  mul t ip le  zone 
con t ro l l ab le  

Type of lamp: Quartz lamp f o r  i n f r a red  heat ing 

Conditions simulated: Solar heat ing 

Uniformity : - + 5% 

Other environment c a p a b i l i t i e s :  

Vibration: Future capab i l i t y  

Shock: Future capab i l i t y  

Rotation of specimen: Heat f l u x  programmed tes t  
i n s t a l l a t i o n  provides spec ia l  
supports f o r  16,000 l b s  specimen 

Ascent simulation: Rapid, by use of i n t e r n a l  
c a n i s t e r  

Supporting items : 

Data acqu i s i t i on  (consoles) :  Operation only 
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Instrumentation: 

Usable buildin,  0 area: 

Add Ltlencsl. information : 

S t a t u s :  

C-41 

500 copper constantan leads  a 

150 e l e c t r i c a l  leads 

Two 1,000 sq f t  p repara t ion  areas 

Cont;inuous t e s t i n g  up t o  48 weeks 
Shucdown and wsrm-up t i m e  i s  
1 2  hours ,  

I n  opera t ion  
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CHAMBER 7 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

Size: 

Work space dimensions: 

General Electric Valley Forge 
Space Technology Center, 
Valley Forge, Pennsylvania 

So 1 ar - Thermal -Vacuum Chamber of 
the  Space Environment Simulation 
Laboratory 

Engineering development; space- 
c r a f t  and systems test under 
combined environments of 
vacuum, cold black space and 
s o l a r  spectrum simulat ion 

32' d i a  x 54'  high v e r t i c a l  
cy1 inder  

27'  d i a  sphere o r  20' x 35' 
F u l l  32' d i a  opening f o r  
loading chamber from top. 

Maximum s i z e  of test a r t i c l e :  20' diameter sphere; 44,000 l b s  

Materials handling equipment: Y e s  

Man-rated: No, but planned 

Personnel en t ry  locks: One on s i d e  of chamber with 
40" x 84" opening i n  chamber 

Type of r ep res su r i za t ion  system: Controlled dry ni t rogen and 
atmospheric 

c- 45 





Minimum opera t ing  pressure :  

Time t o  achieve minimum 
pressure  : 

Actual  pumping speed: 

Type of pumping system: 

Temperature range: 

Type of  thermal sys  t em:  

Area of l i q u i d  n i t rogen  
pane%% : 

Area of he 1 ium pane Is : 

S o l a r  Simulation : 

Area i l luminated:  

Maximum i n t e n s i t y :  

Type of lamp: 

Conditions s imulated:  

1 x t o r r  

12 hours 

100' K Condensables (LN2) 
3.4 x 108 l i ters/sec 
20' K Condensables (GHe) 
1 .6  x lo6 l&ers/sec 
Non-Condensab les ( O i l  
d i f f u s i o n  pumps) 25ssO0 
liters/sec 

2 - 32" d i f f u s i o n  pumps; 
l i q u i d  n i t rogen  and 
helium cryopumping 

* 

Cryogenic temperature 
(-320 F) t o  maximum 
s o l a r  heat 

Off-axis solar spectrum 
s imula tor  

5,400 sq ft 

725 sq  f t  

1 7 '  d i a  c i rc le  

120 t o  140 wa t t s / sq  f t .  
s o l a r  spectrum 0 . 2  t o  
3 microns (Based on 
measured data)  

Xenon, 148 lamps of 
5 KW each 

Xenon spectrum through 
qua r t z  o p t i c s ,  albedo and 
in f r a red .  Mercury-Xenon 
lamps w i l l  be mixed wi th  
e x i s t i n g  Xenon lamps t o  
improve spectral  match. 

C-47 





Type of optical system: Off-axis quadrisected glass 
mosaic paraboloid - 22' diam- 
eter 

Degree of collimation: + _. 2.5O to - + 3.5' half angle 

Uniformity : + 5% over 70% of area 
4- 10% over 95% of area 
- 
- 

Other environment capabilities: 

Vibration: Future capability 

Shock : Future capability 

Heat flux: Power provided-tailored to 
vehicle 

Rotation of specimen: 2-axis; 5,000 lbs 

Ascent simulation: Rapid, by use of internal 
canister 

Supporting items : 

Data acquisition (consoles): Operation only 

Instrumentation: Approximately 3000 test points 
can be monitored simultaneously 

Usable building area: 5,000 sq ft preparation area 

Additional information: Continuous testing - 2000 hours 
Shutdown and warmup time is 
20-24 hours 

Status: In operation 
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CHllMBER 8 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

U. S. A i r  Force, n o t  s i t e d  

Aerospace Sys t e m s  Environ- 
mental Chamber, Mark I I A  

Aerospace veh ic l e  deveIop- 
ment and r e l i a b i l i t y  test-  
ing 

S i z e  : 200'  I D  sphere 

Work space dimensions: 190'  d i a  x 170' high 

Maximum s i z e  of tes t  ar t ic le :  Limited by e n t r y  through 
62' d i a  door ( futurd 7 0 '  
d i a  x 130' long veh ic l e  
lock) 

Materials handling equipment: Yes 

Man-rated: Yes 

Personnel e n t r y  locks : Two wi th  provis ion f o r  one 

Type of r ep res su r i za t ion  
sys  t e m :  Personnel locks pressurized 

add i t iona l  lock. 

with  c l ean  a i r  a t  normal rate 
of 25-50 torr /second wi th  
emergency over-r ide of 150 
torr /second 

Minimum operat ing pressure:  10-8 t o r r  

Actual pumping speed: 100°K Condensables (LN2) 
2,000 mi l l i on  l i terslsec 
20° K Condensables (GHe) 
200 m i l l i o n  l i t e r s / s e c  
Diffusion pumps 2.5 mi l l i on  
Ii ters/sec 
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Type of pumping system: Dif fus ion  pumps; cryopumping 
wi th  l i q u i d  n i t rogen  and 
he 1 ium 

Temperature range: 

So la r  s imulat ion:  

Area i l luminated:  

-32OOF 
Working f l o o r  r e f r i g e r a t e d  by 
. l i qu id  n i t rogen  

60 '  d i a  ( fu tu re  150' d i a ) ;  
f ixed  loca t ion  on top of 
chamber 

Maximum i n t e n s i t y  : 130 wa t t s / sq  f t  ( fu ture  260 
wa t t s / sq  f t )  

Degree of co l l imat ion:  Half angle  of lo 

Conditions s i m u l a  t ed  : Albedo r e f l ec t ance  and e a r t h  
radiance t o  be simulated by 
' 'bird cage" l i k e  arrangement 

Uniformity : 

Other environment c a p a b i l i t i e s :  

Heat f lux :  

- + 5% averaged over any 10 sq 
inches of the 60' d i a  f i e l d  

By r a d i a n t  hea t ing  shrouds- 
f u t u r e  expanded f a c i l i t y  

Rotat ion of specimen: Gimbal - 2 degree freedom 
Vehicle mount w i l l  provide f o r  
r o t a t i o n  of approx 55'  wide x 
105' long, 265,000 l b  tes t  
veh ic l e  i n  t h e  r a d i a t i o n  f i e l d  
of the f ixed  s o l a r  s imulator  

Scpporting i t e m s  : 

Data a c q u i s i t i o n  
(consoles) : 

Instrumentat ion : 

Yes 

5,000 channels,  approx 
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Biomedical laboratory:  Y e s  

Usable bui ld ing  area: 38,000 f t  2 f o r  veh ic l e  prepara- 
t ion 

Addit ional  information: Aluminum being considered f o r  
chamber s h e l l  and cryogenic su r -  
faces  t o  reduce a c t i v a t i o n  
(nuclear provis  ioks)  

Provis ion f o r  later inc lus ion  
of nuc lear  veh ic l e s  of 3 MMT 
r eac to r  p o t e n t i a l  

E l e c t r i c a l  and a t t i t u d e  jets 
f o r  propulsion 

Design of a l l  components of 
t h e  s o l a r  s imula t ion  system 
t o  be based on continuous 
test opera t ion  f o r  11 mqnths 
wi th  minimum shut-down f o r  
maintenance of c r i t i c a l  
components such as r a d i a t i o n  
sources.  

Personnel capsules  designed 
f o r  two men with provis ions 
f o r  rescue of a t h i r d  person 
w i l l  move wi th in  the  chamber 
and w i l l  se rve  as observat ion 
pos ts ,  maintenance cen te r s  and 
emergency rescue vehicles .  

S t a t u s  : 

I n  add i t ion  t o  the  f u t u r e  
veh ic l e  lock, provis ions are 
to be made f o r  an a d d i t i o n a l  
lock s imilar  t o  the  l a r g e  
veh ic l e  lock loca ted  on the  
same a x i s  and d i r e c t l y  
opposite.  

F a c i l i t y  proposed; no t  funded. 
Chamber when i n i t i a l l y  cons t ruc ted  
w i l l  have e s s e n t i a l l y  vacuum 
c a p a b i l i t y ;  o the r  c a p a b i l i t i e s  t o  
be added incremental ly  as required.  
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Agency and loca t ion :  

Name of f a c i l i t y :  

S i z e  : 

NASA Lewis Research Center 
21000 Brookpark Road 
Cleveland 35, Ohio 

Centaur Environmental Tes t  
Space Power Chamber 

30' d i a  x 100' long por t ion  
of a l t i t u d e  wind tunnel  
converted t o  space chamber 
Approx 22' d i a  opening f o r  
loading chamber from top 

Minimum opera t ing  pressure:  2 x t o r r  1 

Time t o  achieve minimum 
pressure  : 

Sola r  s imulat ion:  

Temperature range: 

Spec ia l  f ea tu re s :  

24 hours wi th  chamber empty 

Albedo only. S o l a r  r ad ia -  
t i o n  could be provided by 
adding dome t o  the top of 
t h e  tunne 1 

30' d i a  thermal shroud 
l i q u i d  n i t rogen  cooled 

Remainder of a l t i t u d e  tun- 
n e l  could be converted t o  
space chamber a l so .  
Limited by carbon s tee l  
w a l l s .  Conversion of re- 
mainder of tunnel  w i l l  re- 
qu i r e  a d d i t i o n a l  shop space 

S t a t u s  : 
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CHAMBER 10 

Agency and Location: 

Purpose of f a c i l i t y :  

Size:  

Work space dimensions: 

Maximum s i z e  of test art icle:  

Man-rated: 

Personnel en t ry  locks: 

Minimum operat ing pressure:  

Type of pumping system: 

Actual pumping speed: 

Temperature range: 

Type of thermal sys  t e m :  

So lar  simulation: 

Uniformity: 

Other environment 
c a p a b i l i t i e s :  

NASA Marshall Space F l i g h t  
Center,  Huntsvi l le ,  Alabama 

Test Saturn guidance i n s t r u -  
mentation r i n g  

40' d i a  x 80 '  high 

34' d i a  

33' d i a  x 60' high 

Y e s  

Yes 

1 x 10-8 t o r r  
f 

Diffusion;  4 K and 7 7  K 
cryosurface 

Gaseous helium a t  300,000- 
400,000 l i ters/sec 

4 K t o  77 K 

LN2 

Planned 

10-15% This is s a t i s f a c t o r y  
s i n c e  Saturn r i n g  is  aluminum 
which is  a good conductor of 
hea t  

Heat f l u x  only. Poss ib le  
means of r o t a t i o n  of tes t  
a r t ic le  i n  two planes 

S t a t u s  : Inac t ive  - no longer proposed 
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CHAMBER 11 

Agency and Location: 

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

S ize :  

Work space dimensions: 

Maximum s i z e  of tes t  
a r t ic le  : 

Materials handl ing 
equipment : 

Man-rated: 

Personnel e n t r y  lock: 

Type of r e p r e s s u r i z a t i o n  
sys  t em:  

Minimum opera t ing  pressure :  

NASA Langley Research Center 
Hampton, V i rg in i a  

Dynamics Research Laboratory, DLD 

Research on spacec ra f t  s t r u c t u r e s ,  
materials and equipment 

55' d i a  v e r t i c a l  c y l i n e r ,  
20' x 20' s i d e  opening door 

55' d i a ,  55'  clear he igh t  a t  
c e n t e r  of chamber above 
removable f l o o r  

2,000 l b s  on cen t r i fuge ;  
a d d i t i o n a l  weight on removable 
f l o o r  when cen t r i fuge  i s  no t  
used 

Yes (removable 5-ton crane on 
i n t e r i o r  of chamber) 

P o t e n t i a l l y  - yes 

Yes - 4-person capac i ty  

Outside a i r -qu ick  r ep res su r i -  
za t ion  from 10-1 t o r r  t o  
1 atmosphere i n  30 secs  

10-2 t o r r  (10-4 t o r r  a f t e r  
i n s t a l l a t i o n  of fou r  32" 
d i f f u s i o n  pumps by 1 Jan  65) 

Gas load that  can be 
removed a t  this pressure:  . 4,000 c f m  minimum a t  10"' t o r r  

Time t o  achieve minimum 
pressure  : 135 minutes t o  reach 1 O - I  t o r r  
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Type of pumping system: 

Temperature cont ro l :  

So la r  s imulat ion:  

Other environment c a p a b i l i t i e s :  

Centrifuge: 

Vibra t ion  : 

S t a t u s  : 

Mechanical pumps i n i t i a l l y  
w i t h  d i f f u s i o n  pumps i n  
f u t u r e  

None. N o  cryogenic shrouds 
Chamber has carbon s teel  
w a l l s .  

None 

Centr i fuge 0.5 G t o  100 G, 
50,000 G-lbs capac i ty ,  maxi- 
mum specimen weight 2,000 
pounds. Mounting faces  a t  
16.5' rad ius  o r  20.5' rad ius  

3,000 l b  hydraul ic  shaker  
0-500 cps,  +0.5 - inches 

I n  opera t ion  f o r  space s t a t i o n  
work 
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CHAMBER 1 2  

Agency and loca t ion :  

Name of f a c i l i t y :  

S i ze :  , 

Maximum s.ize of test a r t i c l e  : 

Man-rated: 

Personnel e n t r y  locks: 

Minimum opera t ing  pressure:  

Time t o  achieve minimum 
pressure  : 

Type of pumping system: 

Temperature range: 

So la r  s imulat ion:  

Area i l luminated:  

Other environment 
c a p a b i l i t i e s  : 

S t a t u s  : 

NASA Langley Research Center  
Hampton, V i rg in i a  

Free Body Dynamics Chamber, 
Dynamics Research Laboratory 

60' d i a  sphere,  10' d i a  s e r v i c e  
hatch 

40' d i a  s p h e r i c a l  volume around 
a i r  bear ing support ;  4,000 pounds 

No 1 

No 

2 x 10-1 t o r r  

6 hours 

Mechanical pumps 

10 t o  70 F above sphere w a l l  
temperature. N o  cryogenic 
shrouds s ince  chamber has 
carbon s t ee l  w a l l s  

30" d i a  sun. Rota t iona l  ra te  
15O/hr; azimuth angles  30°, 
4 5 O ,  60°, 75O,  90' 

Rota'tion of p lane tary  t a r g e t  a t  
rate of one rpm t o  one revolu- 
t i o n  p e r  day 

Under cons t ruc t ion  w i t h  completion 
e a r l y  1965 
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CHAMBER 13 

Agency and locat ion:  

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

S ize  : 

Man-rated: 

Personnel e n t r y  locks : 

Minimum operat ing pressure:  

Temperature range: 

Type of thermal system: 

Solar  simulation: 

Area il luminated: 

Maximum i n t e n s i t y :  

Type of lamp: 

Conditions simulated: 

S t a t u s  : 

NASA Langley Research 
Center, Hampton Virg in ia  

Space Systems Research 
Laboratory 

Research and f u l l - s c a l e  
tests on over -a l l  manned 
and unmanned systems f o r  
use i n  o r b i t i n g  research 
labora tor ies  and lunar  
bas e s 

60' d i a  x 60' high 

Y e s  

Y e s  

t o r r  

-270 F t o  ambient 

Quartz lamps with para  
b o l i c  r e f  l e c t o r s  

500 s q  f t  

130 wattslsq f t  (based on 
design data)  

Quartz 

Heat f l u x  

Proposed as FY 65 budget 
i t e m  
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CHAMBER 14 

Agency and locat ion:  

Name of f a c i l i t y :  

Purpose of  f a c i l i t y :  

Douglas A i r c r a f t  Company 
Douglas Space Systems Center 
Huntington Beach, Ca l i fo rn ia  

Space Simulation Laboratory 

Ea r th  o r b i t  s imulat ion f a c i l i t y  
designed s o l e l y  f o r  research  
and developmental t e s t i n g  of 
launching and spacec ra f t  
vehic les ,  space sys t e m s  , 

S i z e  : 39' d i a  sphere,  30' d i a  door 

Work space dimens ions : 30' d i a  spherical volume; 
20' d i a  f l a t  bedplate  bottom 
(see be 1 ow) 

Limited t o  e n t r y  through 30' d i a  
door, Chamber designed f o r  addi- 
t i o n  of 20' f u t u r e  "spoo1" 
extension t o  g ive  50' v e r t i c a l  
c learance  dimension c a p a b i l i t y ,  

I 

Maximum s i z e  of t es t  article: 

Materials handling equipment: 25 ton  and 5 ton br idge  cranes 
plus  platforms,  s ca f fo lds ,  
c h a i n f a l l s ,  l i f t s ,  etc, 

Man- ra t ed  : Recompress ion  provis  ion includes 
quick open door f o r  man lock and 
20 second recompression,, Man- 
r a t i n g  system under development - 
scheduled opera t iona l ,  1965. 

Personnel e n t r y  locks: Y e s  (see above) 

Type of r ep res su r i za t ion  System: High pressure  dry  n i t rogen  gas 
and high pressure  d ry  a i r  

Minimum opera t ing  pressure:  Below 5 x t o r r  ( w i t h  
t es t  specimen i n  chamber) 

Time t o  achieve minimum 
pressure  : Less than 8 hours (with t es t  

specimen i n  chamber) 
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Actual pumping speed: 

Type of pumping system: 

Temperature range: 

Type of thermal system: 

S o l a r  s imulat ion:  

Area i l luminated:  

Maximum i n t e n s i t y :  

Acceptance tests demonstrated 
6 m i l l i o n  liters pe r  second 
d ry  n i t rogen  pumping c a p a b i l i t y  
a t  1 x 10-6 t o r r ,  
pumping speed of gas introduced 
from the ou t s ide  of the chamber. 
Design requirement of 3 m i l l i o n  
l i ters pe r  second w a s  substan- 
t i a l l y  exceeded by changes of 
geometry and opera t ing  temper- 
a t u r e s  of t h e  cryogenic array.  
The chamber's p re sen t  configu- 
r a t i o n  u t i l i z e s  only approxi- 
mately 1 /2  of the area a v a i l -  
a b l e  f o r  cryopumping, The 
helium r e f r i g e r a t i o n  p l a n t  
a l ready  i n s t a l l e d  is  approxi- 
mately 3 t i m e s  tb required 
capac i ty  s o  expansion o r  increase  
is  r e l a t i v e l y  simple an9 economical. 

This is  n e t  

4 - 35" o i l  d i f f u s i o n  pumps; 
l i q u i d  n i t rogen  and 13 t o  20K 
helium cryopumping. 

80 K t o  100 K o p t i c a l l y  t i g h t  
shroud, can be heated t o  300 F. 

In f r a red  hea t ing  and quartz  
lamp a r r ays  wi th  i g n i t r o n  con- 
t r o l l e r s .  Hot gas system f o r  
thermal shroud under develop- 
men t . 
Under cons t ruc t ion ;  expected 
t o  be opera t iona l  November 1964. 

Provis ion  f o r  f u t u r e  20' d i a  o r  
4' d i a  140 wat t s / sq  ft, 4' d i a  
s o l a r  s imula tor  beam may be 
d i r e c t e d  i n t o  man lock o r  pro- 
j ec t ed  i n t o  39' sphere,  
through man lock. 

190 w a t t s  per  s q  f t  upgradable 
t o  270 w a t t s  pe r  s q  f t (var iab1e  
from 50 w a t t s l s q  f t )  

c-83  





Type of lamp: Xenon compact arc (5 Kilowatts)  

Uniformity: - 4- 5% 

Other environment c a p a b i l i t i e s :  

Vibra t ion  and shock: 

H e a t  f lux :  

Rotat ion of spec imen : 

Ascent s imulat ion : 

Supporting i t e m s  : 

Data a c q u i s i t i o n  
(Consoles) : 

Chamber is  b u i l t  w i t h  a 20' d i a  f l a t  
Ferromagnetic s t a i n l e s s  s tee l  bedplate  
supported on a 1-1/2 m i l l i o n  pound 
r eac t ion  block which can accommodate 
s p e c i a l  high vacuum shakers (8-6, O O O l  
f o rce  shakers) o r  shock testers, drop 
testers, cen t r i fuge ,  gimballing o r  
r o t a t i o n  equipment - provis ions only. 

Programmed in f r a red  (10 channels o r  
zones) i g n i t r o n  c o n t r o l l e r s .  

Same as v i b r a t i o n  and shock above. 

Man r a t i n g  conf igura t ion  w i l l  p e r m i t  
programmed ascen t  of t he  10'  d i a  x 
16'  long primary a i r  lock. S team 
e j e c t o r  is  being considered f o r  the 
39 '  sphere. 

200 channel punch p a p e r  t a p e  system 
(scan rate one da ta  pt/chan/30 sec). 
Null  balance type recorders  
(72 channels).  Curren t ly  being 
i n s t a l l e d  70 channel mult iplexer  
wi th  AD converter,Magnetic tape 
logging (scan rate = 5 d a t a  p t s /  
sec/channel) 3- simultaneous 
monitoring c a p a b i l i t y .  Lab is  
hard wired t o  c e n t r a l  computing 
s t a t i o n  f o r  da t a  ana lys i s .  
Central  computing s t a t i o n  includes:  

IBM 7094 (1) 
IBM 1401 (2) 
SDS 920 (1) 

Addit ional  computer s t a t i o n  
(data engineering) : 

CDC 924A (1) 
CDC 160A (1) 

CDC 9248 (2) 
Addit ional  computer s t a t i o n  (ED & SIL) 
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,The above equipment can be tied into 
as necessary (already installed or 
installation scheduled) 
Additional equipment (oscillographs , 
etc.) are obtained from other labs. 
Further upgrading under consideration. 

Instrumentation: Reflectometer, emissometer, spectral 
radiometer, high vacuum and cryogenic 
instrumentation, etc. 

Additional information: Mass spectrometer gas analyzers, helium 
mass spectrometer leak detectors, 
Vacuum Stds Gorp. dynamic vacuum gage 
calibra.tor,"In-s itu" vacuum gage 
calibrator, bell jars, ultrasonic 
cleaners, pump stands, thermal control 
loops, etc. 

30,000 sq ft clean air-conditioned 
laboratory with personnel and test 
specimen air locks for entry. Build- 
ing is modular in construction and 
expandable. 

Status : Operational and being upgraded as 
noted. 
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APPENDIX D 

NUCLEAR POFIER TEST FACILITY 

Charac te r i s t i c s  are l i s t e d  below f o r  an environmental nuclear  
tes t  f a c i l i t y  which i s  p resen t ly  under construction. 

Agency and loca t ion :  

Name of f a c i l i t y :  

Purpose of f a c i l i t y :  

Size: 

Work space dimensions: 

Maximum s i z e  of tes t  a r t i c l e :  

Materials handling equipment : 

Man-r a t ed : 

Minimum operat ing pressure:  

Pumping speed: 

NASA Lewis  Research Center 
Plumbrook Sta t ion ,  Ohio 

Space Propulsion F a c i l i t y  
(Nuclear) 

Testing of SNAP-8 and Apollo 
spacecraf t  

100' d i a  x 122' high 

50' x 100' x approx'80'  high; 
two 50' x 50'  side-opening doors 
f o r  loading chamber 

To f i t  wi th in  work space 
dimensions above 
Yes (cranes and manipulators) 

No 

1 x t o r r  

Diffusioh pumps - 1.5 mi l l i on  
l i ters /sec;  1 0 0 ° K  Condensables 
(LN2 ) - 500 mi l l i on  l i ter/sec;  
20°K Condensables (GHe) - none 

Time t o  achieve minimum pressure:  24 hours 

Type of pumping system: 32 - 54'' d i f fus ion  pumps 
i n i t i a l l y ;  provis ion made f o r  44 

Temperature range: -300 F t o  ambient 

Type of thermal system: Cold only 

Cryogenics : Liquid n i t rogen  cooling; f u t u r e  
gaseous helium cooling t o  approx 
420 F, a u x i l i a r y  cooling emp- 
loyed i n  shrouds around t h e  test 
ar t ic le  t o  -420 F 
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S o lar S imulat ion : 

Other environmental 
capabilities: 

Supporting items : 

Instrumentation: 

Additional information: 

Status : 

None initially, Provisions 
made f o r  future addition of 
500 sq Et solar simulation 

Provision made for future 
vibrator in center of 
chamber. No other motion 
simulation 

300 channels 

Planned €or 90 day tests 
Normal heat load 100-200 KInI 
Entry to chamber through two 
50' square doors 

Under construction with 
completion scheduled for 
early 1967 
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